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AS  announced  in  the  October  number  of  The  Journal  meetings 
are  to  be  held  in  St.  Louis  on  October  16  and  in  Boston  on 
October  20.  Professor  Carpenter  will  again  present  his 
paper  on  high-pressure  pumps  at  the  former  meeting,  and  at  the 
latter  will  be  given  a  paper  on  Reinforced  Concrete  Beams  by  Prof. 
Gaetano  Lanza  and  Lawrence  S.  Smith.  This  paper  is  published  in 
the  current  number  of  The  Journal. 

The  next  New  York  monthly  meeting  will  be  on  Tuesday  evening, 
November  9  when  the  paper  on  Reinforced  Concrete  Beams  will 
again  be  presented.  Prof.  Walter  Rautenstrauch  of  Columbia  Uni- 
versity will  also  present  a  paper,  published  in  this  number  of  The 
Journal,  upon  The  Design  of  Curved  Machine  Members  under  Eccen- 
tric Load.  These  two  papers  with  their  discussion  will  cover  thor- 
oughly the  subject  of  stresses  in  two  important  elements  entering  into 
structural  work  and  machine  members.  The  subject  of  reinforced 
concrete  is  of  interest  to  a  large  proportion  of  the  membership  of  the 
Society  and  the  paper  by  Professor  Rautenstrauch  will  be  discussed  by 
engineers  engaged  in  machine  design. 

On  Friday  afternoon,  October  8,  was  held  a  joint  meeting  of  all 
the  Standing  Committees  of  the  Society  to  consider  the  budget  for 
the  new  fiscal  year. 

On  Tuesday  afternoon,  October  12,  the  first  meeting  of  the  Council 
for  1909-1910  was  held  in  the  rooms  of  the  Society,  and  in  the  evening 
the  first  New  York  meeting  of  the  Society,  with  a  paper  by  Prof.  R.  C. 
Carpenter  upon  The  Pumps  of  the  High-pressure  Fire  System  of  New 
York  City. 
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ANNUAL  MEETING 

The  annual  meeting  of  The  American  Society  of  Mechanical  Engi- 
neers will  be  held  in  the  Engineering  Societies'  Building,  New  York, 
December  7  to  10.  Papers  are  to  be  presented  on  electric  driving, 
discussing  the  economic  as  well  as  the  technical  phases  of  the  subject; 
upon  apparatus  for  the  measurement  of  flow  of  air,  steam  and  water; 
and  various  miscellaneous  subjects,  including  tests  of  lubricating 
oils  and  steam  turbine  nozzles,  governing  rolling  mill  engines,  the 
use  of  moist  fuels,  boiler  joints,  pump  valves,  cast-iron  test  bars,  etc. 
Full  announcement  will  appear  later. 

RAILROAD  TRANSPORTATION  NOTICE 

For  members  and  guests  attending  the  Annual  Meeting  in  New 
York,  December  7-10,  1909,  the  special  rate  of  a  fare  and  three-fifths 
for  the  round  trip,  on  the  certificate  plan,  is  granted  when  the  regular 
fare  is  75  cents  and  upwards,  from  territory  specified  below. 

a  Buy  your  ticket  at  full  fare  for  the  going  journey,  between 
December  3  and  9  inclusive,  and  get  a  certificate,  7iot  a 
receipt,  securing  these  at  least  half  an  hour  before  the 
departure  of  the  train. 

b  Certificates  are  not  kept  at  all  stations.  If  your  station 
agent  has  not  certificates  and  through-tickets,  he  will 
tell  you  the  nearest  station  where  they  can  be  obtained. 
Buy  a  local  ticket  to  that  point  and  there  get  your  cer- 
tificate and  through-ticket. 

c  On  arrival,  present  your  certificate  to  S.  Edgar  Whitaker 
at  headquarters,  with  25  cents  for  validation.  A  certi- 
ficate cannot  be  validated  after  December  10. 

d  An  agent  of  the  Trunk  Line  Association  will  validate  certifi- 
cates December  8,  9  and  10.  No  refund  will  be  made  on 
account  of  failure  to  have  certificate  validated. 

e  One  hundred  certificates  must  be  presented  for  validation 
before  the  plan  is  operative.  This  makes  it  important  to 
ask  for  certificate,  and  to  turn  it  in  at  headquarters. 
Even  though  you  may  not  use  it  this  will  help  others  to 
secure  the  reduced  rate. 

/  If  certificate  is  validated,  a  return  ticket  to  destination  can 
be  purchased,  up  to  December  14,  on  the  same  route  over 
which  the  purchaser  came,  at  three-fifths  the  rate. 
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This  special  rate  is  granted  only  for  the  following: 
Trunk  Line  Association: 

All  of  New  Yoi'k  east  of  a  line  running  from  Buffalo  to  Salamanca,  all  of 
Pennsylvania  east  of  the  Ohio  River,  all  of  New  Jersey,  Delaware  and 
Maryland;  also  that  portion  of  West  Virginia  and  Virginia  north  of  a  line 
running  through  Huntington,  Charleston,  White  Sulphur  Springs,  Char- 
lotteville,  and  Washington,  D.  C. 

Central  Passenger  Association:  • 

The  portion  of  lUinois  south  of  a  line  from  Chicago  through  Peoria  to  Keokuk 
and  east  of  the  Mississippi  River,  the  States  of  Indiana,  and  Ohio,  the 
portion  of  Pennsylvania  and  New  York  north  and  west  of  the  Ohio  River, 
Salamanca  and  Buffalo,  and  that  portion  of  Michigan  between  Lakes 
Michigan  and  Huron. 

New  England  Passenger  Association,  except  via  Bangor  and 
Aroostook  R.  R.,  Rutland  R.  R.,  N.  Y.  0.  &  W.  R.  R.,  Eastern 
Steamship  Co.  and  Metropolitan  Steamship  Co. 

Maine,  New  Hampshire,  Vermont,  Massachusetts,  Rhode  Island  and  Con- 
necticut. 

The  Western  Passenger  Association  offer  revised  one-way  fares 
to  Chicago,  Peoria  and  St.  Louis;  these  three  places  are  points  in  the 
Central  Passenger  Association,  and  from  these  points  purchase  round 
trip  tickets,  in  the  manner  outlined  in  the  preceding  paragraphs: 

North  Dakota,  South  Dakota,  Nebraska,  Kansas,  Colorado,  east  of  a  north 
and  south  line  through  Denver,  lo^va,  Minnesota,  Wisconsin,  Missouri; 
north  of  a  line  through  Kansas,  Jefferson  City  and  St.  Louis,  Illinois; 
north  of  a  line  from  Chicago  through  Peoria  to  Keokuk. 

Eastern  Canadian  Passenger  Association: 

Canadian  territory  east  of  and  including  Port  Arthur,  Sault  Ste.  Marie, 
Sarnia  and  Windsor,  Ont. 


JOINT  COMMITTEE  MEETING  ON  A  STAND  A  HI)  TON- 
NAGE BASIS  FOR  REFRIGERATION 

In  November  1908  the  Council  of  The  American  Society  of  Mechani- 
cal Engineers  approved  a  recommendation  that  the  Committee  on  a 
Standard  Tonnage  Basis  for  Refrigeration,  already,  appointed,  pre- 
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pare  a  joint  report  with  a  committee  to  be  appointed  by  the  American 
Society  of  Refrip;erating  Engineers  on  the  same  subject.  The  mem- 
bers of  the  committee  appointed  by  The  American  Society  of  Mechani- 
cal Engineers  are:  Phihp  DeC.  Ball,  D.  S.  Jacobus,  E.  F.  Miller,  A.  P. 
Trautwein  and  G.  T.  Voorhees.  The  committee  appointed  by  the 
American  Society  of  Refrigerating  Engineers  are:  Louis  Block,  F.  E. 
Matthews,  W,  E.  Parsons,  Thomas  Shipley  and  John  E.  Starr,  Chair- 
man. 

A  meeting  of  the  joint  committee  was  not  held  for  some  little  time 
as  it  was  considered  advisable  to  wait  for  the  printed  reports  showing 
what  had  been  done  on  the  subject  of  recommending  standard  units 
at  the  meeting  of  the  International  Congress  of  Refrigerating  Indus- 
tries, held  in  Paris  in  October  1908.  The  first  meeting  of  the  joint 
committee  was  held  at  the  rooms  of  The  American  Society  of  Mechani- 
cal Engineers  September  29,  1909.  There  were  present  three  mem- 
bers of  the  committee  appointed  by  The  American  Society  of  Mechani- 
cal Engineers,  and  four  members  of  the  committee  appointed  by  the 
American  Society  of  Refrigerating  Engineers.  Dr.  Jacobus  was 
made  chairman  of  the  joint  committee,  and  F.  E.  Matthews,  Secre- 
tary. 

The  committee  arranged  to  send  out  a  circular  letter  to  parties 
specially  interested  in  refrigeration,  requesting  cooperation  and 
inviting  criticism  on  certain  units  proposed  for  measuring  the  cooling 
effect  or  refrigeration,  and  on  a  standard  set  of  conditions  for  deter- 
mining the  tonnage  capacity.  Anyone  interested  will  be  gladly 
furnished  with  copies  of  this  letter  on  communicating  with  F.  E. 
Matthews,  secretary  of  the  joint  committee,  29  West  39th  Street, 
New  York.  A  request  was  made  that  replies  be  sent  before  October 
12,  that  the  matter  may  be  brought  up  at  the  meeting  of  the  Ameri- 
can Society  of  Refrigerating  Engineers  in  Chicago  October  IS,  but 
the  committee  will  be  glad  to  hear  from  anyone  interested  after  that 
date. 

DINNER  TO  SIR  WILLIAM  H.  WHITE 

On  Monday  evening,  October  4,  the  President,  past-presidents  and 
members  of  the  Council  of  The  American  Society  of  Mechanical 
Engineers  gave  a  complimentary  dinner  to  Sir  William  H.  White, 
Honorary  Member,  Am.Soc.M.E.  William  Barclay  Parsons,  a  per- 
sonal friend  of  the  guest  of  honor,  and  H.  deB.  Parsons,  who  repre- 
sented the  Council  at  the  conference  with  the  Institution  of  Mechanical 
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Engineer's  the  past  summer,  in  connection  with  the  proposed  joint 
meeting  next  year,  were  also  present.  ^ 

Sir  WilHam  H.  White  is  one  of  the  most'able  naval  architects  and 
designers,  having  been  director  of  naval  construction  and  assistant 
controller  of  the  royal  navy  (Great  Britain)  from  1885  to  1902,  dur- 
ing which  period  he  was  the  responsible  designer  for  all  the  British 
warships.  His  most  recent  design  was  the  Mauretania.  In  respond- 
ing to  the  toast  of  the  Institution  of  Mechanical  Engineers,  of  which 
he  is  a  past-president,  he  spoke  of  the  cordial  regard  in  which  the 
institution  holds  the  American  society  and  of  the  delight  with  which 
they  look  forwai'd  to  the  joint  meeting  next  year.  The  two  associa- 
tions are  working  hand  in  hand  for  the  advancement  of  the  interests 
of  the  mechanical  engineering  profession  in  both  countries. 

William  Barclay  Parsons,  member  of  the  Institution  of  Civil 
Engineers  and  of  the  American  Society  of  Civil  Engineers,  in  respond- 
ing to  a  toast  to  the  latter  organization,  said  that  he  looked  forward  to 
the  time  when  the  engineering  profession  would  represent  more  solid- 
arity and  that  he  believed,  although  there  is  a  field  for  the  specialist, 
that  the  profession  as  such  should  seek  all  possible  opportunities  for 
cooperation.  An  informal  discussion  then  followed  of  the  proper 
standards  and  qualifications  for  membership  in  engineering  societies, 
and  of  engineering  education,  a  subject  to  which  Sir  William  White 
has  contributed  much  time  and  attention  as  chairman  of  the  Commit- 
tee on  Education  and  Training  of  Engineers  appointed  by  the  Institu- 
tion of  Civil  Engineers.  The  report  which  was  presented  by  this  com- 
mittee is  the  most  exhaustive  statement  of  the  subject  ever  made. 

Those  present  at  the  dinner  were:  President,  Jesse  M.  Smith;  Past- 
presidents,  F.  W.  Taylor,  Charles  Wallace  Hunt,  F.  R.  Hutton  and 
Ambrose  Swasey;  Members  of  the  Council,  R.  C.  Carpenter,  F.  M. 
Whyte,  George  M.  Basford,  Henry  G.  Stott,  H.  L.  Gantt,  William  H. 
Wiley;  Secretary,  Calvin  W.  Rice;  and  the  guests  of  the  evening. 


THE  ENGINEERING  SOCIETIES  BUILDING  FOR  1909 

The  following  statistics  of  the  engineering  societies  in  the  Engineer- 
ing Building  compiled  by  the  Secretary  of  the  United  Engineering 
Society,  Prof.  F.  R.  Hutton,  Past-President  and  Honorary  Secretary, 
Am.  Soc.M.E.,  are  taken  from  the  Proceedings  of  the  American  Insti- 
tute of  Electrical  Engineers. 
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MEMBERSHIP    OF    SOCIETIES 


Society  Membership 

American  Institute  of  Mining  Engineers 4,300 

The  American  Society  of  Mechanical  Engineers 3,800 

American  Institute  of  Electrical  Engineers    6,400 

N.  Y.  Electrical  Society 950 

American  Gas  Institute 1,300 

Electrical  Manufacturers'  Club 50 

Wire  Inspection  Bureau    24 

Empire  State  Gas  and  Electric  Association 75 

American  Association  of  Electric  Motor  Manufacturers 200 

National  Electric   Light  Association 3,065 

Museum  of  Safety  and  Sanitation 50 

Association  of  Edison  Illuminating  Companies 68 

Technical  Society  of  New  York 150 

Explorers  Club , 110 

Society  of  Naval  Architects  and  Marine  Engineers 870 

American  Street  and  Interurban  Railway  Association 1,000 

Illuminating    Engineering    Society 1,065 

Municipal  Engineers  of  City  of  New  York 565 

ATTENDANCE     AT    MEETINGS 

Attend- 

Society                                                                          No.  ance 

American  Institute  of  Mining  Engineers 4  349 

The  American  Society  of  Mechanical  Engineers 14  5,393 

American  Institute  of  Electrical  Engineers 11  3,745 

New  York  Electrical  Society    3  761 

New  York  Raikoad  Club 9  3,774 

New  York  Telephone  Society 9  2,314 

American  Society  of  Heating  and  Ventilating  Engineers 3  364 

Blue  Room  Engineering  Society 12  415 

Explorers  Club ^ 9  472 

German  Scientific  Club 3  183 

Western  Electric  Club 5  507 

Technical  Society  of  New  York 10  261 

American  Street  and  Interurban  Railway  Association 2  49 

Municipal  Engineers  of  New  York 9  1,404 

Illuminating  Engineering  Society 7  501 

Society  of  Naval  Architects  and  Marine  Engineers 2  301 

American  Society  of  Refrigerating  Engineers 3  291 

Railway  Signal  Association 2  324 

Cast  Iron  Fittings  Manufacturers  Association * 6  102 

Association  of  Edison  Illuminating  Companies 4  60 

Empire  State  Gas  and  Electric  Association 5  134 

New  York  Electrical  Trade  School 1  262 

American  Gas  Institute 3  1,344 

American  Society  for  Promotion  of  Industrial  Education 1  203 

American  Railway  Master  Mechanics 1  57 
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STUDENT  BRANCHES,  AM.  SOC.  M.  E. 

The   following  table    gives   the  Student    Branches  of  the  Society 
with  their  officers; 


STUDENT     BRANCH 

AUTHORIZED 
BY    COUNCIL 

HONORARY-     CHAIR- 
MAN 

PRESIDENT 

SECRETARY 

1908 

Stevens  Inst. of  Tech., 

December  4 

Alex.  C.  Humphreys 

H.  H.  Haynes 

R.  H.  Upson 

Hoboken,  N.  J. 

Cornell    University, 

December  4 

R.  C.  Carpenter 

C.  F.  Hirshfeld 

Ithaca,  N.  Y. 

1909 

Armour  Inst,  of  Tech. 

March  9 

C.  F.  Gebhaidt 

N.  J.  Bough ton 

M.  C.  Shedd 

Chicago,  111. 

Leiand  Stanford,  Jr., 

March  9 

W.  F.  Durand 

P.  H.  Van  Etten 

H.   L.   Hess 

University,    Palo 

Alto,  Cal. 

Polytechnic  Institute, 

March  9 

W.  D.  Ennis 

J.   M.   Russell 

P.    Gianella 

Brooklyn,  N.     Y. 

State  Agri.  College  of 

March  9 

Thos.  M.  Gardner 

J.  J.  Karstetter 

S.  H.  Graf 

Oregon,  Corvallis, 

Ore. 

Purdue    University, 

March  9 

L.  V.  Ludy 

E.  A.  Kirk 

J.  R.  Jackson 

Lafayette,  Ind. 

Univ.    of   Kansas, 

March  9 

P.  F.  Walker 

H.   S.   Coleman 

John  Garver 

Lawrence,  Kan. 

New    York    Univ., 

C.  E.  Houghton 

Andrew  Hamilton 

New  York. 

Univ.    of    Illinois, 

W.  F.  M.  Goss 

W.  F.  Colman 

S.  G.  Wood 

Urbana,  111. 

Penna.  State  College 

State  College,  Pa. 

THE  SOCIETY'S  HUDSON-FULTON  EXHIBIT 

Considerable  interest  was  manifested  in  the  Hudson-Fulton  exhibit 
in  the  Council  room  of  the  Society.  The  total  number  of  visitors  who 
registered  was  355,  but  400  is  a  fair  estimate  of  the  total.  The 
greatest  registration  for  any  one  day  was  52  on  Monday,  September 
27. 

A  wide  extent  of  territory  was  represented,  including  Connecticut, 
Delaware,  Illinois,  Maine,  Massachusetts,  Maryland,  Michigan,  Ohio, 
Pennsylvania,  Rhode  Island,  Tennessee,  Washington,  D.  C,  Wiscon- 
sin, Canada,  Japan  and  Switzerland. 

In  addition  to  the  exhibits  listed  in  the  October  Journal,  Dr.  Geo. 
F.  Kunz  has  loaned  a  silver  Hudson-Fulton  medal  and  has  presented 
to  the  Society  the  following: 

Descriptive  Guide  to  the  Grounds,  Buildings  and  Collections  of  the  New  York 
Botanical  Garden, 
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List  of  Prints,  Books,  Manuscripts,  etc.,  relating  to  Henry  Hudson,  the  Hud- 
son River,  Robert  Fulton  and  Steam  Navigation,  at  the  Lenox  Branch  of  the 
New  York  Public  Library. 

The  Indians  of  Manhattan  Island  and  Vicinity,  by  Alanson  Skinner,  of  the 
department  of  anthropology  of  the  American  Museum  of  Natural  History. 

The  Wild  Animals  of  Hudson's  Day  and  the  Zoological  Park  of  our  Day,  by  W . 
T.  Hornaday,  Sc.D.,  Director  of  the  New  York  Zoological  Park. 


OTHER  SOCIETIES 

INTERNATIONAL    SOCIETY    FOR   TESTING    MATERIALS 

Fully  seven  hundred  delegates  attended  the  fifth  convention  of 
the  International  Society  for  Testing  Materials,  held  September 
7-11,  1909,  at  Copenhagen,  Denmark.  The  American  members  of 
that  society  in  attendance  were  Dr.  Charles  B.  Dudley,  Mem. Am. - 
Soc.M.E.,  Altoona,  Pa.,  official  representative  of  the  United  States, 
Prof.  Wm.  K.  Hatt,  Lafayette,  Ind.,  Richard  L.  Humphrey,  Wash- 
ington, D.  C,  Prof.  Arthur  N.  Talbot,  Urbana,  111.,  Walter  Wood, 
Mem. Am. Soc.M.E.,  Philadelphia,  Pa.,  William  R.  Webster,  Mem.- 
Am. Soc.M.E.,  Philadelphia,  Pa.,  Tinius  Olsen,  Philadelphia,  Pa., 
L.  H.  Fry,  Mem.Am.Soc.M.E.,  Paris,  technical  representative  in 
Europe  of  the  Baldwin  Locomotive  Works,  Prof.  J.  W.  Richards, 
South  Bethlehem,  Pa.,  and  Dr.  Richard  Moldenke,  Mem.Am.Soc.M.E., 
Watchung,  N.  J.  A  very  elaborate  program  was  provided,  begin- 
ning with  an  imposing  ceremony  in  the  great  assembly  hall  of  the 
University  in  the  presence  of  all  the  members  of  the  royal  family. 

Professor  Heyn  presented  his  report  on  the  progress  of  metal- 
lography since  the  Brussels  Congress,  at  the  morning  session  of 
September  8,  and  in  the  afternoon  William  R.  Webster,  Mem.Am.- 
Soc.M.E., presented  on  behalf  of  International  Committee  No.  1 
the  specifications  for  iron  and  steel  adopted  respectively  by  America, 
England  and  Germany.  The  resolution  was  adopted  in  general  and 
the  committee  instructed  to  continue  the  work  of  unification  of 
iron  and  steel  specifications.  George  Lloyd  of  England  presented  a 
resolution  in  behalf  of  the  cast-iron  side  of  Committee  No.  1,  in 
which  attention  was  called  to  the  growing  specifications  of  foimdry 
pig  iron  by  analysis.  Dr.  Richard  Moldenke,  Mem.Am.Soc.M.E., 
was  called  upon  by  the  chair  to  explain  the  situation  more  fully. 
In  addition  the  committee  instructed  Walter  Wood,  Mem.Am.Soc.- 
M.E., to  gather  the  necessary  information  relative  to  the  unification 
of  cast-iron  pipe  specifications.  The  reports  on  the  nomenclature 
of  steel  and  iron  and  on  specifications  for  copper  were  also  presented, 
but  the  former  was  not  accepted. 

On  the  following  day  the  proposed  specifications  for  wrought-iron 
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pipe  received  a  full  discussion  resulting  in  the  establishment  of  a 
commission  to  study  the  relation  of  the  wear  of  a  material  to  its 
hardness.  Dr.  Moldenke  then  delivered  the  report  of  Commission 
25  on  Methods  of  Testing  Cast  Iron,  explaining  the  progress  made 
and  urging  international  action  on  the  purchase  of  pig  iron  by  chem- 
ical specifications.  Electric  and  magnetic  j^roperties  of  metals  for 
testing  purposes  were  next  taken  up  and  discussed.  The  closing 
session  included  the  reports  on  tests  for  endurance  and  quality  in 
copper  wire  and  impact  tests. 

It  was  voted  that  the  next  congress  be  held  in  the  United  States 
in  1912  and  the  invitation  of  the  American  Society  for  Testing 
Materials  was  accepted.  Dr.  Charles  B.  Dudley,  Mem.Am.Soc.M.E., 
was  formally  elected  president  of  the  society  amid  great  enthusiasm. 
The  congress  then  adjourned,  after  listening  to  a  lecture  by  J.  E. 
Stead  on  The  Use  of  the  Microscope  in  the  Shop  and  Mill  for  Iron 
and  Steel.  An  extended  trip  was  taken  into  Jutland  after  the  con- 
gress. 

AMERICAN    SOCIETY    OF    CIVIL    ENGINEERS 

At  the  regular  fortnightly  meeting  of  the  American  Society  of 
Civil  Engineers,  October  6,  papers  were  presented  for  discussion  as 
follows:  A  Review  of  Chicago  Paving  Practice,  by  P.  E.  Green;  The 
Purification  of  the  Water  Supply  of  Steelton,  Pa.,  by  James  H. 
Fuertes. 

AMERICAN    INSTITUTE    OF    ELECTRICAL    ENGINEERS 

At  a  regular  meeting  of  the  Institute,  held  Friday  evening,  October 
8,  in  the  auditorium  of  the  Engineering  Societies  Building,  29  West 
39th  Street,  New  York,  a  paper  was  presented  by  John  B.  Taylor,  of 
the  General  Electric  Comj^any,  Schenectady,  N.  Y.,  on  Telegraph  and 
Telephone  Systems  as  Affected  by  Alternating-Current  Lines.  At 
the  November  meeting,  on  the  twelfth  of  that  month.  Dr.  Gary  T. 
Hutchinson,  Mem.Am.Soc.M.E.,  will  present  a  paper  on  The  Electric 
System  of  the  Great  Northern  Railway  Company  at  Cascade  Timnel. 

TECHNICAL    SOCIETY    OF    BROOKLYN 

In  the  first  October  meeting  of  the  Technical  Society  of  Brooklyn, 
President  M.  C.  Budell  presented  his  annual  report.  The  election 
of  officers, for  the  coming  year  resulted  as  follows:  M.  C.  Budell, 
President;  Val.  Wolz,  Vice-President;  H.  Dann  and  A.  Wittel,  Sec- 
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retaries;  Dr.  W.  Schad,  Treasurer;  E.  Obermuller,  Librarian;  Barthol- 
omew Viola,  Mem.Am.Soc.M.E.,  Otto  Sturm  and  J.  Geo.  Anient, 
chairmen  of  standing  committees. 


AEROPLANE  FLIGHTS  DURING  THE  HUDSON-FULTON 

CELEBRATION 

A  notable  achievement  in  navigation  of  the  air  marked  the  closing 
days  of  the  recent  Hudson-Fulton  celebration  in  New  York.  The 
aeronautic  committee  of  the  Hudson-Fulton  Commission  had  con- 
tracted with  Wilbur  Wright  and  Glenn  H.  Curtiss  for  a  series  of 
aeroplane  flights  up  the  Hudson  River. 

Curtiss  was  unable  to  make  any  save  short  flights  over  the  start- 
ing place,  the  parade  ground  of  the  army  station  at  Governor's 
Island.  On  September  29,  however,  Wright  encircled  the  Statue 
of  Liberty  in  New  York  harbor  and  later  made  two  circuits  of  the 
parade  ground.  On  October  4,  Wright  sailed  up  the  Hudson  to 
Grant's  tomb,  encircled  the  foreign  warships  anchored  at  that  point 
and  returned  over  the  river  to  Governor's  Island.  A  flight  over  the 
city,  planned  for  the  afternoon  of  the  same  day,  was  not  made  owing 
to  an  accident  to  the  engine.  Further  flights  were  not  possible  owing 
to  Wright's  Washington  engagements.  Curtiss  essayed  a  flight 
early  in  the  morning  of  September  29,  but  remained  in  the  air  less 
than  a  minute  owing  to  a  minor  defect  in  the  machine.  Some 
difficulty  was  experienced  in  starting,  as  the  wheels  on  which  the 
machine  was  mounted  sank  into  the  sandy  filling  of  the  parade 
ground. 

Wright's  machine  was  fitted  with  a  canoe,  as  shown  in  the  illus- 
tration, in  case  of  accident  while  over  ihe  water.  The  engine  is 
started  by  turning  the  two  8-ft.  propellers  it  the  rear  of  the  machine. 

The  flight  around  the  Statue  of  Libc  ty  started  at  10.18  a.m. 
Alfter  leaving  the  monorail  the  machine  made  a  gradual  ascent,  and 
at  a  height  of  forty  feet  made  the  circuit  of  the  parade  ground. 
Then  re-circling  it,  the  machine  turned  toward  a  point  to  the  north 
of  the  statue.  Passing  within  20  ft.  of  the  statue,  which  is  305  ft. 
high,  the  machine  was  seen  to  be  at  about  the  same  height  as  the 
breast  of  the  statue.  After  describing  a  figure  8  and  flying  over 
ships  at  anchor  in  the  harbor,  Wright  turned  his  machine  toward 
the  Jersey  shore  for  a  short  distance  and  then  wheeled  back  to  the 
starting  point,  having  been  in  the  air  about  seven  minutes,  covering 
a  distance  of  six  milee 
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In  the  afternoon  the  machine  encircled  the  parade  ground  twice, 
travehng  against  the  wind  at  a  speed  of  about  forty  miles  and 
with  the  wind  at  about  fifty-seven  miles.  At  no  time  did  the  wind 
exceed  ten  miles  an  hour. 

The  flight  up  the  Hudson  started  at  9.56  a.m.  on  October  4,  the 
wind  blowing  at  about  twelve  miles  an  hour.  The  machine  rose 
rapidly  from  the  monorail  and  passed  over  the  sea  wall  at  about 
forty  or  fifty  feet  heading -toward  the  mouth  of  the  Hudson.  To 
avoid    trouble  with  air  currents  caused  by  the  high  buildings  on 


Wilbur  Wright  standing  beside  his  Aeroplane.     The  Canoe  is  Carried  in 
Case  of  Accident  while  over  the  Water  • 


the  New  York  side  of  the  river,  Wright  flew  close  to  the  Jersey 
shore,  saluted  by  shrieking  whistles  and  cheering  -  spectators.  At 
one  point  the  height  was  about  three  hundred  feet.  At  130th  Street 
Wright  turned  the  machine  in  a  wide  circle  to   retrace  his  path. 

During  the  return  flight  the  machine  was  brought  down  to  within 
about  fifty  feet  of  the  water,  afterward  soaring  to  a  higher  level. 
When  near  the  island  a  gradual  descent  was  made,  the  machine 
landing  about  twenty  yards  from  the  starting  point. 

The  aeroplane  had  left  the  monorail  at  9.56  o'clock  and  landed 
at  10.29  to  10.33  o'clock,  so  that  the  time  in  the  air  was  33  min. 
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33  sec.  The  distance  in  a  straight  Hne  is  18.3  miles,  but  the  actual 
distance  traveled  was  nearer  twenty-four  miles.  The  average  speed 
was  approximately  45^  miles  an  hour  and  the  average  altitude 
200  ft. 


NECROLOGY 

THOMAS  HALLETT  BRIGGS 

Thomas  Hallett  Briggs  was  born  on  August  21,  1870  in  New 
York.  He  received  his  education  in  the  public  schools  of  Brooklyn, 
N.  Y.,  and  finished  with  a  technical  course  at  Cooper  Union.  During 
his  studies  at  Cooper  Union,  he  was  employed  in  the  drafting  room 
of  the  Logan  Iron  Works  of  Brooklyn,  with  which  company  he 
remained  for  fourteen  years.  His  work  there  covered  not  only 
drafting-room  work,  but  shop  inspection,  and  he  finally  became 
outside  representative.  He  became  associated  wth  the  M.  H. 
Treadwell  Co.,  New  York,  as  salesman,  in  1904,  which  position  he 
held  until  the  time  of  his  death  on  September  24,  1909.  Mr.  Briggs 
was  a  member  of  the  Society  of  Gas  Engineers,  and  entered  this 
Society  as  an  Associate  in  1900. 


PERSONALS  OF  THE  MEMBERSHIP  AM.  SOO.  M.  E. 

Kilburn  E.  Adams  has  severed  his  connection  with  the  Wm.  Underwood  Co., 
and  has  accepted  the  position  of  mechanical  engineer  with  the  Boston  &  Albany 
Railroad,  Boston,  Mass. 

Charles  M.  Allen,  professor  of  experimental  mechanical  engineering  in  Wor- 
cester Polytechnic  Institute,  has  been  appointed  professor  of  hydraulic  engineer- 
ing in  the  same  institution. 

A.  Bement  has  been  appointed  a  member  of  a  committee  named  by  the  Western 
Society  of  Engineers,  to  cooperate  with  the  Chicago  Harbor  Commission. 

At  the  regular  meeting  of  the  Engineers'  Club  of  St.  Louis,  Wednesday  evening, 
October  12,  WilUam  H.  Bryan,  Mem.Am.Soc.M.E.,  presented  a  paper  on  Going 
Value  as  an  Element  in  the  Appraisal  of  Piiblic  Utilities. 

Philip  L.  Clarke  has  resigned  his  position  in  the  experimental  turbine  depart- 
ment of  the  General  Electric  Co.,  Schenectady,  N.  Y.,  and  is  now  in  the  employ 
of  White  &  Newcomb  of  Mexico  City. 

Claude  E.  Cox  has  resigned  his  position  as  engineer  and  assistant  manager  of 
the  Interstate  Automobile  Co.,  Anderson,  Ind.,  and  has  assumed  a  similar  posi- 
tion Math  the  Wilcox  Motor  Car  Co.,    Minneapolis,  Minn. 

Arthur  M.  Dean,  formerly  in  the  employ  of  the  Mora  Motor  Car  Co.,  Newark, 
N.  Y.,  has  accepted  a  position  with  the  Matheson  Motor  Car  Co.,  Wilkes-Barre, 
Pa. 

Harrington  Emerson  is  the  author  of  a  book  on  Efficiency  3S  a  Basis  for  Opera- 
tion and  Wages. 

William  D.  Ennis  has  contributed  an  article  on  Materials  for  Pipe  Lines  to 
the  September  21  issue  of  Power  and  the  Engineer. 

Carl  E.  Hardy,  recently  located  at  Cartersville,  Ga.,  has  been  made  assistant 
superintendent  of  shops,  manufacturing  department,  U.  S.  Navy  Yard,  Mare 
Island,  Cal. 

Edward  J.  Kunze,  formerly  consulting  engineer,  Newark,  N.  J.,  has  been 
appointed  instructor  in  steam  and  gas  engineering,  University  of  Wisconsin, 
Madison,  Wis. 
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H.  B.  MacFarland,  formerly  consulting  engineer,  Chicago,  111.,  has  been  ap- 
pointed engineer  of  tests,  Atchison,  Topeka  &  Sante  Fe  Railway  Co.,  Topeka, 
Kansas. 

F.  W.  Mahl  has  become  associated  with  the  Union  Pacific  System  and  Southern 
Pacific  Co.,  Chicago,  111.  He  was  formerly  in  the  employ  of  the  Colorado  and 
Southern  Railway  Co.,  Denver  Colo.,  as  mechanical  engineer  and  general  pur- 
chasing agent. 

M.  C.  Maxwell,  of  the  department  of  apphed  mechanics,  Pratt  Institute, 
delivered  the  opening  address  before  the  Modern  Science  Club  of  Brooklyn, 
N.  Y.,  October  5. 

Harry  de  B.  Parsons  delivered  the  address  on  the  occasion  of  the  Hudson- 
Fulton  celebration  of  the  Clarkson  School  of  Technology,  on  the  evening  of 
September  29,  entitled,  A  Sketch  of  the  Commercial  Development  during  the 
Last  Three  Hundred  Years,  1609-1909. 

Arthur  W.  Richter,  professor  of  experimental  engineering,  University  of  Wis- 
consin, has  been  appointed  dean  of  the  college  of  engineering  of  the  University 
of  Montana,   Helena,   Mont. 

H.  W.  Rowley,  until  recently  sales  engineer  of  the  New  York  office  of  the  Allis- 
Chalmers  Co.,  has  opened  an  office  as  special  representative  for  that  company 
in  the  Evans  Building,  Washington,  D.  C. 

William  E.  Smith  has  accepted  a  position  with  the  Babcock  &  Wilcox  Co., 
Barberton,  O.  He  was  until  recently  connected  with  the  Delaware,  Lacka- 
wanna &  Western  Railroad  Co.,  Scranton,  Pa. 

E.  R.  Stoughton  has  entered  the  service  of  Baird  &  West,  Detroit,  Mich.  He 
was  recently  associated  with  the  U.  S.  Heater  Co.,  Detroit,  Mich. 

Robert  I.  Todd,  vice-president  of  the  Terre  Haute,  Indianapolis  &  Eastern 
Traction  Co.,  has  been  made  general  manager.  Mr.  Todd  is  also  vice-president 
and  general  manager  of  the  Indianapolis  Traction  and  Tei'minal  Co. 

A.  F.  Van  Deinse,  who  recently  completed  the  installation  of  a  power  plant  for 
the  El  Tiro  Copper  Co.,  Silverbell,  Ariz.,  has  accepted  a  position  with  the  West- 
inghouse  Electric  and  Manufacturing  Co.,  and  will  be  located  at  their  El  Paso, 
Texas,  office. 

H.  H.  Vaughan  presented  a  paper  on  Locomotive  Counter-balancing  at  the 
September  7  meeting  of  the  Canadian  Railway  Club. 


HISTORY  OF  THE  AMERICAN  SOCIETY  OF 
MECHANICAL  ENGINEERS 

Preliminary  Report  of  the  Committee    on    Society  History 
Chapter  X — Continued 

continued  groavth  of  the  society 

The  summer  meeting  of  1895  was  held  at  Detroit,  in  June,  and,  as 
usual  with  the  gatherings  in  the  summer,  the  business  transacted  was 
kept  at  a  minimum,  being  limited  mainly  to  the  necessary  action  upon 
candidates  for  membership,  and  similar  routine  business. 

260  Mention  has  been  made  of  the  manner  in  which  the  general 
industrial  situation  is  reflected  in  the  meetings  of  the  Society,  and  this 
fact  was  emphasized  by  the  number  and  variety  of  papers  presented  at 
the  Detroit  meeting,  and  the  bearing  which  they  have  had  upon  sub- 
sequent developments.  Among  the  most  important  papers,  viewed 
in  this  light,  was  undoubtedly  that  of  F.  W.  Taylor,  entitled  A  Piece- 
Rate  System,  introducing  for  discussion  the  differential  piece-rate 
system  afterwards  more  fully  developed  by  the  author,  as  well  as  the 
important  idea  of  analyzing  shop  operations  into  their  elementary 
details  and  determining  the  time  required  for  these,  so  that  their 
combinations  cover  the  questions  arising  for  the  fixing  of  rates  on 
various  kinds  of  work.  The  methods  employed  for  determining  the 
laws  governing  the  operations  of  metal-cutting,  as  laid  down  in  this 
paper,  have  since  been  far  more  fully  developed,  and  their  investiga- 
tion had  doubtless  much  to  do  with  the  introduction  of  modern  rapid- 
cutting  tool  steels.  The  discussion  which  this  paper  by  Mr.  Taylor 
elicited,  showed  very  clearly  the  interest  which  the  members  of  the 

Under  the  direction  of  the  Council  the  Committee  on  Society  Historj^  has 
arranged  to  present  the  results  of  its  investigations  to  the  members  of  the  Society. 

The  Preliminary  Report  will  appear  in  The  Journal  of  the  Society  from 
month  to  month,  and  thus  enable  the  matter  to  be  open  to  comment  during  its 
completion.  It  is  especially  desired  that  any  member  who  may  be  in  the  posses- 
sion of  facts  or  information  bearing  upon  the  various  points  as  they  are  thus  made 
public  will  communicate  with  the  committee,  in  order  that  the  final  and  completed 
report  may  have  the  advantage  of  the  collaboration  of  the  membership  at  large. 
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Society  took  in  matters  relating  to  works  management,  an  interest 
which  has  since  become  most  widely  extended  and  practically  applied. 

261  Another  important  contribution  to  engineering  practice,  pre- 
sented at  the  Detroit  meeting,  resulted  from  the  report  of  the  com- 
mittee on  standard  tests  and  methods  of  testing  materials,  presented 
by  G.  C.  Henning,  and  supplemented  by  a  report  upon  the  transverse 
strength  of  cast  iron  by  W.  J.  Keep,  whose  previous  paper  upon  the 
strength  of  cast  iron  has  already  been  mentioned.  The  exhaustive 
tests  made  by  Mr.  Keep  upon  the  properties  of  cast  iron,  and  the  prac- 
tical nature  of  his  work  and  the  conclusions  drawn  by  him,  render  his 
contributions  to  the  subject  most  valuable  and  reliable.  This  paper 
was  followed  by  another,  presenting  to  the  Society  and  to  the  engi- 
neering profession  Mr.  Keep's  study  of  "  cooling  curves,"  these  curves 
showing  the  nature  and  extent  of  the  shrinkage  of  the  metal  while 
cooling,  and  enabhng  information  as  to  the  strength  and  constitution 
of  the  casting  to  be  derived. 

262  The  social  features  of  the  Detroit  meeting  were  of  an  especially 
agreeable  nature,  including  an  excursion  on  the  lake  steamer  City  of 
Cleveland,  a  reception  at  the  Detroit  Club,  and  numerous  visits  to 
important  industrial  establishments. 

263  Just  prior  to  the  Detroit  meeting  the  Society  experienced 
another  loss  from  the  ranks  of  its  past-presidents,  when  Eckley  B. 
Coxe,  who  had  filled  the  presidential  office  for  the  two  terms  of  1893 
and  1894,  passed  away  on  May  13,  1895.  This  loss  was  soon  followed 
by  another,  most  unexpected  and  sad,  the  death  of  the  president  of  the 
Society,  E.  F.  C.  Davis,  who  was  killed  by  a  fall  from  his  horse  on 
August  6,  1895. 

264  At  the  opening  of  the  annual  meeting  in  New  York  the  first 
business  was  the  announcement  by  Mr.  J.  F.  Hollowayof  the  action  of 
the  Council  in  the  appointment,  under  the  rules,  of  the  senior  vice- 
president,  Charles  E.  Billings  of  Hartford,  Conn.,  as  president  to  fill 
the  unexpired  term  of  Mr.  Davis.  The  address  of  Mr.  Billings,  dis- 
cussing modern  improvements  in  the  drop  press,  formed  another  of 
the  admirable  monographs  resulting  from  the  adoption  of  the  plan 
of  selecting  subjects  intimately  connected  with  the  professional 
and  practical  work  of  the  speaker.  The  tellers  of  election  at  this 
meeting  announced  the  election  of  John  Fritz  to  the  office  of  president 
for  the  ensuing  year.  At  this  meeting  there  was  presented  a  progress 
report  of  a  committee  on  fireproof  tests,  a  work  undertaken  in  connec- 
tion with  similar  committees  representing  the  Fire  Underwriters  of 
New  York  and  the  Architectural  League  of  New  York. 
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265  At  an  example  of  the  position  which  the  Society  had  acquired 
as  an  organization  recognized  as  a  conservator  of  relics  and  documents 
relating  to  the  historical  side  of  engineering  work,  mention  may  be 
made  of  the  fact  that  it  was  selected  to  receive  the  original  auto- 
graph drawing  of  the  steamboat  Fulton,  the  first  steamboat  built  for 
service  on  Long  Island  Sound.  The  drawing  bears  the  date  of  March 
1,  1813,  as  well  as  Fulton's  signature.  This  drawing,  formerly 
belonging  to  the  late  George  L.  Schuyler,  of  New  York  City,  was  pre- 
sented to  the  Society  by  his  daughter,  Miss  Louisa  Lee  Schuyler, 
The  Society  had  already  received,  as  a  gift  from  Dr.  Thomas  Egles- 
ton,  the  handsome  mahogany  dining  table  formerly  belonging  to  Ful- 
ton, so  that  it  was  already  well  on  the  way  to  become  the  recognized 
custodian  of  such  relics. 

266  At  the  same  meeting  the  attention  of  the  members  was  called 
to  an  excellent  oil  portrait  of  Captain  John  Ericsson,  the  work  of  the 
Swedish  artist  Ballin,  a  picture  which  had  formerly  belonged  to  Cap- 
tain Ericsson,  but  after  his  death  found  its  way  into  the  hands  of  a 
dealer,  from  whom  it  was  purchased  by  the  Secretary  of  the  Society. 

267  The  papers  of  the  New  York  meeting  of  1895  included  a 
number  devoted  to  the  subject  of  power-plant  design,  including  both 
steam  and  water  power.  Among  the  latter,  attention  may  be  called 
to  the  exhaustive  paper  upon  water  power  by  the  veteran  hydrauhc 
engineer,  Samuel  Webber,  this  being  a  very  full  historical  review  of 
the  development  of  the  hydraulic  turbine  in  America,  especially  in 
connection  with  the  use  of  the  power  of  the  Merrimac  river,  and  other 
power  sources  in  New  England.  A  paper  by  Samuel  McElroy,  upon 
the  development  of  the  water  power  of  Caratunk  Falls,  in  Maine,  fur- 
nished an  admirable  pendant  to  the  contribution  of  Mr.  Webber, 
especially  as  showing  the  manner  in  which  a  hydraulic-power  site 
may  be  investigated  prior  to  the  design  of  the  plant,  taking  into  ac- 
count the  experience  gained  in  previous  installation. s 

268  Other  papers  at  this  meeting  related  to  the  use  of  the  throttling 
calorimeter,  for  the  purpose  of  determining  the  amount  of  moisture 
in  steam;  an  important  study,  by  Dr.  Charles  E.  Emery,  upon  tests  of 
steam  boilers  with  different  kinds  of  coal;  and  a  discussion,  by  Prof. 
John  H.  Barr,  of  the  proportions  of  high-speed  engines.  It  is  inter- 
esting to  note  that  at  this  meeting  the  steam  turbine  began  to  receive 
serious  discussion,  a  report  of  a  test  upon  a  small  machine  of  the  De- 
Laval  type,  by  Professor  Goss,  attracting  attention. 

269  In  accordance  with  arrangements  made  at  the  time  of  the 
Detroit  meeting,  the  summer  convention  of  1896  was  held  at  St.  Louis, 
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Mo.,  in  May.  This  meeting  was  devoted  very  largely  to  the  discussion 
of  matters  relating  to  steam  power  plants.  Dr.  R.  H.  Thurston  con- 
tributed a  very  complete  paper  upon  superheated  steam,  while 
methods  of  determining  the  presence  of  moisture  in  coal  received 
attention;  and  there  was  discussion  of  the  performance  of  mechanical 
stokers.  A  paper  by  L.  R.  Alberger,  upon  what  has  since  been  called 
a  "cooling  tower"  for  enabling  the  use  of  the  same  condensing-water 
repeatedly,  may  be  referred  to  as  early  mention  of  what  has  since  become 
a  standard  piece  of  apparatus,  this  being  but  one  example  of  the 
manner  in  which  the  meetings  of  the  Society  have  served  to  bring 
into  notice  devices  which  have  subsequently  taken  important  places 
in  commercial  engineering  work. 


STRESSES  IN  REINFORCED-CONCRETE  BEAMS 

COMPARISON  OF  EXPERIMENTAL  RESULTS  WITH  RESULTS 
OBTAINED  FROM  THE  USE  OF  THREE  THEORIES 
OF  DISTRIBUTION  OF  STRESSES 

By  Prof.  Gaetano  Lanza,  Boston,  Mass. 
Member  of  the  Society 

Lawrence  S.  Smith,'  Boston,  Mass. 
Non-Member. 

Many  experiments  have  been  performed  on  the  breaking  strength  of 
reinforced-concrete  beams,  and  in  the  course  of  them  many  obser- 
vations have  been  made  to  determine  quantitatively  some  of  the 
phenomena  attendant  upon  the  appHcation  of  the  bi'eaking  load,  and 
also  upon  that  of  smaller  loads.  Nevertheless  it  is  well  known  that 
the  observations  made  thus  far  are  not  sufficient  to  furnish  the  means 
for  determining  the  actual  distribution  of  the  stresses,  and  hence  for 
the  deduction  of  reliable  formulae  for  the  computation  of  the  direct 
stresses,  shearing  stresses,  diagonal  stresses,  deflections,  position  of 
the  neutral  axis,  etc.,  under  a  given  load. 

2  The  test  of  the  validity  of  such  formulae  should  be  their  agree- 
ment with  the  results  of  experiments  when  the  loads  employed  are 
about  one-fourth  or  one-third  the  ultimate  loads,  because,  when  the 
loads  are  greater,  the  ratio  of  stress  to  strain  varies  very  considerably 
for  the  different  fibres,  while  for  loads  smaller  than  one-fourth  of  the 
ultimate,  unknown  initial  stresses  are  liable  to  exert  so  great  an  influ- 
ence as  to  interfere  with  the  deductions. 

3  The  object  of  this  paper  is  to  make  a  comparison  of  (a)  the  posi- 
tion of  the  neutral  axis,  (6)  the  stress  in  the  steel,  (c)  the  stresses  in  the 
concrete,  and  (d)  the  deflection,  as  determined  by  experiment,  with  the 
same  quantities  as  computed  by  three  well-known  theories  of  the 
distribution  of  the  stresses.  The  comparison  was  made  in  the  cases 
of  eleven  beams,  in  the  testing  of  which  the  necessary  observations 

'  Instructor  Massachusetts  Institute  of  Technology. 
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were  taken.  Of  the  eleven,  five  were  tested  in  the  laboratory  of  Ap- 
plied Mechanics  of  the  Massachusetts  Institute  of  Technology,  and 
six  in  the  laboratory  of  the  University  of  Illinois. 

4  The  reinforcement  consisted  in  each  case  of  one  or  more  longi- 
tudinal bars  placed  near  the  bottom  of  the  beam,  and  equal  loads  were 
applied  at  the  two  points  which  divided  the  span  into  thirds. 

5  The  three  theories  employed  in  making  the  calculations,  all  of 
which  assume  that  at  any  given  section  the  strain  in  any  fibre  is  pro- 
portional to  the  distance  of  the  fibre  from  the  neutral  axis,  will  be 
denoted  hy  A,  B  and  C  respectively,  and  may  be  described  as  fol- 
lows, the  notation  used  in  lettering  the  figures  being  explained  sub- 
sequently : 

A   This   theory,  which   is  very  extensively  employed,  makes 
the  assumption  that  at  any  given   section   none  of   the 


Fig.   1     Theory  A:  Distribution  of  Strains  and  Stresses  at    a    Cross- 
section 

concrete  below  the  neutral  axis  can  be  relied  upon  to  re- 
sist tension;  and  further  that  the  stress  is  proportional  to 
the  strain  not  onlv  in  the  steel  but  also  in  the  concrete. 


6  This  method  is  used,  by  those  who  employ  it  to  determine  (a)  the 
position  of  the  neutral  axis,  (b)  the  stress  in  the  steel,  (c)  the  stress  in 
the  concrete,  and  sometimes  the  shearing  stress  at  the  neutral  axis ;  but 
practically  no  attempt  is  made  to  compute  the  deflections  by  ;'t. 
Nevertheless  for  the  purpose  of  comparison,  deflection  formulae  de- 
duced on  this  basis  will  be  given.  The  distribution  of  the  strains 
and  stresses  at  a  cross  section  is  shown  in  Fig.  1. 
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B  This  theory,  which  was  proposed  by  Prof.  A.  N.  Talbot, 
also  makes  the  assumption  that  at  any  given  section  none 
of  the  concrete  below  the  neutral  axis  can  be  relied  upon 
to  resist  tension;  but  instead  of  assuming  the  propor- 
tionality of  stress  to  strain  in  the  concrete,  the  assump- 
tion is  made  that  the  stress  at  any  fibre  can  be  represented 
graphically  by  the  corresponding  abscissa  of  a  parabola 
drawn  through  the  neutral  axis;  the  axis  of  the  parabola 
being  at  right  angles  to  the  section,  and  its  vertex  at  the 
end  of  the  abscissa  which  would  represent  the  crushing 
strength  per  square  inch  of  the  concrete,  were  the  plot 
continued  to  such  a  height  as  to  correspond  to  this  crush- 
ing strength. 


ZTcc' 


Fig.   2     Theory  B:  Distribution  of  Strains  at^d  Stresses  at    a  Cross- 
section 


7  The  quantities  calculated  by  this  theory  are  the  same  as  in  case 
A,  and  again  deflection  formulae  will  be  deduced  on  this  basis  for  the 
same  reason  as  there  stated .  The  distribution  of  the  strains  and  stresses 
at  a  cross  section  is  shown  in  Fig.  2. 

C  The  third  theory  is  that  proposed  by  Mr.  Considere.  He 
claims  that  whereas  in  a  plain  concrete  beam,  the  concrete 
on  the  tension  side  cracks  when  the  extension  has  reached 
0.01  to  0.02  per  cent,  in  a  reinforced-concrete  beam  the 
concrete  on  the  tension  side  can  undergo  many  times  this 
extension  without  cracking. 

8  Among  the  tests  which  he  cites  in  confirmation  of  this  view  is 
the  following:  He  says  that  he  subjected  one  reinforced-concrete 
beam  to  a  load  that  produced  in  the  lower  fibre  of  the  concrete  an 
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elongation  of  0.063  per  cent  as  determined  by  measurement,  and 
another  such  beam  to  a  load  that  produced  in  the  lower  fibre  of  the 
concrete  an  elongation  of  0.13  per  cent,  that  he  then  removed  the 
loads,  chipped  off  the  concrete  below  the  reinforcement,  and  removed 
the  reinforcing  bars,  after  which  he  smoothed  off  the  lower  surface 
of  the  remaining  portion  of  the  beam  and  sawed  out  a  concrete  plank 
from  the  lower  side.  He  says  that  not  only  did  this  plank  not  fall 
to  pieces,  but  that  on  loading  it  transversely  it  bore  as  much  as  would 
be  expected  from  a  plain  concrete  plank  of  the  same  dimensions. 

9  In  view  of  the  above,  Mr.  Considere  suggests  that  the  distribu- 
tion of  the  stress  at  a  section  is  as  shown  in  Fig.  3,  the  compressive 
strength  being  represented  by  the  triangle  OABO,  and  the  tensile 
strength  in  the  concrete  by  the  trapezoid  OCEFO,  the  value  of  CD 


Fig.  3     Distribution  of  Stkains  and  Stresses  According  to  Considere's 

Theory 


being  equal  to  the  yield  point  of  the  concrete  in  tension ;  and  that  for 
greater  elongations  the  tensile  strength  does  not  increase. 

10  However,  inasmuch  as  the  assumption  of  this  distribution 
would  lead  to  great  complexity  in  the  calculations,  he  proposes  as  a 
sufficiently  close  approximation  that  for  the  trapezoid  OCEFO,  in 
Fig.  3  we  substitute  the  rectangle  OHEFO.  In  this  paper  this  ap- 
proximation will  be  made  in  obtaining  the  formulae  on  the  basis  of 
C. 

11  Before  obtaining  the  formulae  needed  for  making  the  calcula- 
tions, the  notation  used  throughout  will  be  explained. 

Let  oTq  =  strain  in  concrete  at  upper  fibre  of  beam, 
ofg  =  strain  in  steel  reinforcement. 
E    =  ratio  of  stress  to  strain  in  concrete.     In  B  this   will 

denote  the  initial  ratio  of  stress  to  strain. 
E„  =  ratio  of  stress  to  strain  in  steel. 
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E 

Og  =■  compressive  outside  fibre  stress  per  square  inch  in  con- 
crete. 
(7g  =  stress  per  square  inch  in  steel. 

Og  =  area  of  section  of  steel  reinforcement  in  square  inches. 
T    =a,a,. 

h    =  breadth  of  beam. 
rcL 

h    =  distance  from  top  of  beam  to  centre  of  reinforcement, 

inches. 
h^  =  total  depth  of  beam,  inches. 
y^  =  distance  from  top  of  beam  to  neutral  axis. 
p    =  radius  of  curvature  of  vertical  longitudinal  section  of 

neutral  layer. 
W  =  total  load  applied. 
I     =  span,  inches. 

V    =  deflection  at  distance  x  from  left-hand  support. 
1)^  =  greatest  deflection,  i.  e.,  deflection  at  middle. 
The  above  is  the  notation  needed  for  A 
12     In''^  the  same  notation  is  used  with  the  following  in  addition: 
Let  y   =  distance  of  any  fibre  above  the  neutral  axis. 

y^  =  distance  above  neutral  axis  at  which  the  fibre  would 

be  subjected  to  the  crushing  strength. 
o;?=  strain  of  fibre  at  distance  y  above  neutral  axis. 
a^  =  ultimate  compressive  strain  of  concrete. 
0    =  stress  in  fibre  at  distance  y  above  neutral  axis. 
(ji  ==  ultimate  compressive  strength  of  concrete. 

a'- 

3  r  a. 

n,  = 


b  {S-  q) 
d^  =  distance  above  neutral  axis  to  point  of  application  of 

resultant  of  compression. 
^2  =  distance  below  top  of  beam  to  point  of  application  of 
resultant  of  compression. 
13     In  C  the  same  notation  is  used  with  the  following  in  addition: 
Let  t=  yield  point  of  concrete  in  tension. 
d   =  hj-h. 


..= (2) 
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Taking  up  the  three  theories  successively,  the  formulae  needed 
uv,  make  the  computation  of  the  values  of  y^^,  Og,  o^  and  v^  will  now  be 
given,  the  deduction  being  left  to  the  reader.     By  Method  A: 

A 

Vo  =   T/n2  +  2nh  -  n (1) 

3  M 

(3  /i  -  ?/„)  a, 

„    . «i^^ (3) 

"       {3h-y„)  by, 

,    __2iZ^    (4) 

1296  A 

where 

f  ^Vo^ 

A  =E  ^ra,(h~  y.Y  +  ^ 

B 

15  In  order  to  find  y^,  a^,  and  a^  by  Method  B,  wehave^the  fol- 
lowing equations,  all  of  which  include  q: 

Vo  =  ^  n\  +  2n^h  -  n^ (5) 

,    =_ ^ (6) 

J  I,  4-9 

««  1^-2/04(3-9) 

_  ^ ..(7) 

''''".       /     3  -  g      .  _        4  -  g 

^^  \  3  (2  -  9)  12  (2  -  9)    ^^ 

Hence  before  we  can  find  the  values  of  y^,  a^  and  a^  we  need  to  deter- 
mine g,  and  this  will  have  to  be  done  approximately.  ^For  this  pur- 
pose we  can  use  the  equation: 

9^-29=-^ (8) 

16  Plot  a  curve  having  —  's  for  abscissae,  and  g's  for  ordinates, 
then  using  for  a^  a  first  approximation  to  its  value,  determine  a  first 
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approximation  for  q.     Then  determine  a  second  approximation  for 
Oq  and  from  it  a  second  approximation  for  q,  etc. 

17  In  the  calculations  made  here,  with  the  load  approximately 
one-third  of  the  breaking  load,  the  value  that  has  been  employed  is 
q  =  0.2. 

18  For  the  deflection  we  have 

23  WP 

Vo=  -  (9) 

1296  A  ^ 

where 


E  |ra,(^-yj^+6t/,^^^| 


C 

19  In  order  to  obtain  y^  by  Method  |C  we  need  to  solve  the  ecjua- 
tion  of  the  fourth  degree  in  y^ : 

b  y„*  +  2  \  b  (h  +  d)  +  3  ra^  ]  y„^  -  3   {  b  {h  +  dy 
+  6ra,h  -2j\l/o'  +QraJ^-^  +  3h-^  -dA  y, 

-6ra>|  —  +  /i2-rf2J  =0 (10) 

20  The  solution  can  be  readily  effected  graphically  for  any  numer- 
ical case  by  writing  u  equal  to  the  entire  left-hand  side  of  the  equation, 
and  plotting  the  resulting  curve  with  y^'s,  as  abscissae  and  w's  as  ordi- 
nates ;  then  the  value  of  y^  where  this  curve  crosses  the  axis  of  abscissae 
will  be  the  value  of  y^  desired.  Of  course  the  equation  has  four  roots, 
but  the  one  required  can  be  easily  identified  as  it  must  give  a  neutral 
axis  that  lies  within  the  section. 

21  In  solving  this  equation,  some  value  of  t,  the  tensile  yield  point 
of  the  concrete,  must  be  used.  Considere  suggests  170  lb.  per  sq. 
in.  for  the  concrete  used  by  him,  which  was  about  six  months  old  and 
of  a  composition  of  nearly  1  —.  2.5  —  2.5. 

22  In  the  calculations  made  in  this  paper,  t  =  100  lb.  per  sq.  in. 
has  been  used,  as  the  concrete  was  from  30  to  60  days  old  and  its 
composition  was  1—3  —  6.  After  y^  has  been  found  we  can  find  o^ 
and  (Tq  from  the  following  equations  respectively : 

..a.il^°  =  M-(6(A,-j)3-^» (II) 

3  6 
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or  more  easily  from  the  formulae. 

_        tb  (hi-  y„) 


(13) 


2  '      y, 

Os  =  ra„^-^^ (14) 


For  the  deflection  we  have 


23  Wl^ 
'"o  ^  ~    1296  A 


(15) 


where 


A=E^  ^^.(^-^o)  (2h-hi-y,)  ^  by,'  (3  h^  +  y,)   \ 
\  2  12  i 


COMPARISON  OF  THE  VALUES  OF  y^,  a^  a^   AND  V^  AS  COMPUTED  BY  THE 
VARIOUS  THEORIES  WITH  THOSE  DETERMINED   BY  EXPERIMENT 

23  This  comparison  is  exhibited  in  the  tables.  The  first  five 
beams  were  tested  in  the  laboratory  of  applied  mechanics  of  the 
Massachusetts  Institute  of  Technology,  and  for  these  we  have  used 
E^  =  28,000,000  and  E  =  2,335,000,  and  hence  r  =  12.  The  last 
six  beams  were  tested  in  the  laboratory  of  the  University  of  lUinois, 
and  for  these  we  have  used  E^  =  30,000,000,  and  E  =  2,000,000,  and 
hence  r  =  15.  All  eleven  were  made  of  1  —  3  —  6  concrete,  the  ages 
being  given  in  the  tables.  All  were  loaded  with  two  equal  loads  ap- 
plied at  points  dividing  the  span  into  thirds. 
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TABLE  I 


DETAILS  OF  REINFORCED  CONCRETE  BEAMS 
All  Beams  Loaded  at  Third  Points 


Designation 
OF  Beam 


Age 

b 

h 

K 

Span 

Rods      | 

O    Z 

Days 

Inches 

Inches 

Inches 

Feet 

S 

0 

^2; 

Z    P 
1-1    O 

W  tf 

CO 

Steel  as 
Area  in 
Square 
Inches 


Massachusetts  Institute  of  Technology 


A— 1 

53 

8 

10 

12 

1 

It 

1.00 

1.25 

A— 2 

49 

8 

10 

12 

1 

u 

1.00 

1.25 

B— 3 

43 

8 

10 

12 

2 

it 

1.125 

1.41 

C— 5 

35 

8 

10 

12 

4 

it 

1.00 

1.25 

E— 9 

54 

8 

10 

12 

2 

it 

1.53 

1.91 

University  of  Illinois 


11 

65 

8 

10 

11 

12 

4 

i 

0.785 

0.99 

27-'04 

63 

12 

12 

13i 

14 

4 

ft 

2.25 

1.56 

28 

60 

8 

10 

11 

12 

4 

f 

1.77 

2.22 

33 

60 

8 

10 

11 

12 

3 

a 

1.325 

1.66 

35 

60 

8 

10 

11 

12 

[t 

1.473 

1.84 

45 

61 

8 

10 

11 

12 

/3 

\2 

1} 

1.473 

1.84 

*  Reinforcement  of  area  above  center  line  of  steel,  per  cent, 
t  Square. 
X  Twisted. 

TABLE  2     DATA  FROM  TESTS  ON  REINFORCED  CONCRETE  BEAMS 
All  Beams  Loaded  at  Third  Point 


Designa- 
tion 
OF    Beam 


Break-    |  Nearest 
iNG  Load*  '   J   Lo.\Dt 


Inches   Actual    (Plot) 


Deflection 


Load  Con- 
sidered      Vo  (Plot) 
W 


Massachusetts  Institute  of  Technology 


A— 1 

15250 

5250 

5.4 

726 

7941 

4000  ' 

0.0731 

A— 2 

16500 

5250 

5.3 

650 

7644 

4000 

0.0749 

B— 3 

15950 

5250 

5.5 

565 

6615 

4000 

0.0660 

C— 5 

16240 

4600 

4.6 

781 

8246 

4000 

0.1015 

E— 9 

22250 

6250 

5.1 

776 

7563 

5000 

0.0769 

University 

of  Illinois 

11 

11000 

4000 

4.8 

740 

11700 

4000 

0.175 

27-'04 

26900 

9000 

6.8 

680 

8250 

9000 

0.162 

28 

14300 

5000 

5.8 

760 

7800 

5000 

0.141 

33 

14400 

5000 

4.9 

580 

9000 

5000 

0.137 

35 

15000 

5000 

6.0 

660 

6750 

5000 

0.100 

45 

12400 

4000 

6.0 

660 

'6750 

4000 

0.150 

*  Exclusive  of  weight  of  beam. 

t  Used  in  plots  and  in  calculation  for  j/n,  as,  an- 
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TABLE  3     RESULTS  OBTAINED  BY  EXPERIMENT  AND  BY  COMPUTATION 

Massachusetts  Institute  of  Technology  Beams:  r  =  12,  E  =  2,335,000. 
University  of  Illinois  Beams:  r  =  15,  E  =  2,000,000. 


Desig- 
nation 

OF         Actual 
Beam      or  Plot 


yo 


B  C  Actual 

\q  =  0.20     t   =    100    OR  Plot 


B  C 

q  =  0.20    <  =   100 


Massachusetts  Institute  of  Technology 


A— 1 

5.4 

4.18 

4.29 

4.94 

726 

801 

760 

759 

A— 2 

5.3 

4.18 

4.29 

4.94 

650 

801 

760 

759 

B— 3 

5.5 

4.36 

4.47 

5.10 

565 

774 

734 

640 

C— 5 

4.6 

4.18 

4.29 

5.06 

781 

703 

666 

653 

E— 9 

5.1 

4.86 

4.97 

5.45 

776 

844 

802 

810 

University  of  Illinois 


11 

4.8 

4.15 

4.27 

4.93 

740 

670 

634 

645 

27-'04 

6.8 

5.88 

6.01 

6.60 

680 

711 

678 

690 

28 

5.8 

5.49 

5.59 

5.98 

760 

669 

638 

662 

33 

4.9 

5.00 

5.10 

5.54 

580 

722 

686 

717 

35 

6.0 

5.17 

5.28 

5.71 

660 

701 

667 

675 

45 

6.0 

5.17 

5.28 

5.83 

660 

561 

534 

548 

TABLE  4    RESULTS  OBTAINED  BY  EXPERIMENT  AND  BY  COMPUTATION 

Massachusetts  Institute  of  Technology  Beams:  r  =  12,  fi  =  2,335,000. 
University  of  Illinois  Beams:  r  =  15,  £  =  2,000,000. 


designa- 
tion OF 
beam 


Actual 
or   Plot 


B  C  Actual 

0.20      t=  100      or  Plot 


B  C 

q  =  0.20    /   =  100 


Massachusetts  Institute  of  Technology 

A— 1 

7941 

13420 

13510 

9333 

0.0731 

0.1163 

0.1193 

0.0921 

A— 2 

7644 

13420 

13510 

9333 

0.0749 

0.1163 

0.1193 

0.0921 

B— 3 

6615 

12000 

12100 

7374 

0.0660 

0.1076 

0.1105 

0.0865 

C— 5 

8246 

11755 

11840 

7650 

0.1015 

0.1163 

0.1193 

0.0887 

E— 9 

7563 

10720 

10810 

8110 

0.0769 

0.1105 

0.1139 

0.0942 

University  of  Illinois 


11 

11700 

14190 

14210 

9950 

0.175 

0.1778 

0.1824 

0.1500 

27-04 

8250 

11160 

11240 

8468 

0.162 

0.1822 

0.1878 

0.1573 

28 

7800 

-8296 

8386 

6672 

0.141 

0.1346 

0.1400 

0.1216 

33 

9000 

10880 

10960 

8662 

0.137 

0.1592 

0.1647 

0.1406 

35 

6750 

9842 

9926 

7609 

0.100 

0.1501 

0.1549 

0.1329 

45 

6750 

7890 

7941 

5878 

0.150 

0.1201 

0.1240 

0.1033 
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TABLE  5    COMPARISON  OF  RESULTS 

Per  cent  of  Variation  of  Results  on  Tables  3  and  4  from  the  Actual  Values  Determined 

BY  Experiment 


designa- 
tion of 

BEAM 


Vo 


C 

t  =  100 


c 

t  =  100 


Massachusetts  Institute  of  Technology 


A— 1 

-22.59 

-20.56 

-8.52       ' 

69.00 

70.13 

17.54 

A— 2 

-21.12 

-19.05 

-6.67 

75.60 

76.74 

22.09 

B— 3 

-20.73 

-18.73 

-7.27 

81.41 

82.92 

11.47 

C-5 

-   9.13 

-   6.74 

10.00 

42.55 

43.53 

-7.23 

E-9 

-    4.71 

-   2.55 

6.86       1 

41.74 

42.93 

7.24 

University  of  Illinois 


11 

-13.54 

-11.04 

2.71     : 

21.28 

21.45 

-14.96 

27 

-13.53 

-11.61 

-2.94 

35.27 

36.24 

2.64 

28 

-   5.35 

-   3.62 

3.11 

6.36 

7.51 

-14.45 

33 

2.04 

4.09     i 

13.06 

20.83 

21.78 

-   3.76 

35 

-13.89 

-12.00 

-4.84 

45.81 

47.05 

12.72 

•45 

-13.84 

-12.00 

-2.84 

16.89 

17.65 

-12.91 

Average... 

-12.40 

-10.32 

0.24 

41.52 

42.55 

1.85 

Values  less  than  the  actual  are  called  negative. 


TABLE  6 

Per  Cent  of  Variation  of  Results  on  Tables  3  and  4,  from  the  Actual  Values 
Determined  by  Experiment 


Massachusetts  Institute  of  Technology 


University  of  Illinois 


A— 1 

10.33 

4.68 

4.55 

59.09 

63.20 

25.99 

A— 2 

23.23 

16.92 

16.77 

55.27 

59.23 

22.96 

B— 3 

36.99 

29.91 

13.27 

63.03 

67.44 

31.07 

C— 5 

-   9.98 

-14.72 

-16.39 

14.58 

17.54 

-12.61 

E— 9 

8.76 

3.35 

4.38 

43.70 

48.11 

22.50 

11 

-   9.46 

-14.34 

-12.83 

1.60 

4.23 

-14.29 

27 

4.56 

-   0.29 

1.47 

12.47 

15.92 

-    2.90 

28 

-11.98 

-16.05 

-12.89 

-    4.54 

-    0.71 

-13.76 

33 

18.28 

18.28 

23.62 

16.20 

20.22 

2.63 

35 

6.21 

1.06 

2.27 

50.01 

54.90 

32.  SO 

45 

-15.00 

-19.10 

-16.97 

-19.93 

-17.34 

-31.15 

Average... 

6.19 

0.88 

0.66 

26.50 

30.25 

5.76 

Values  less  than  the  actual  are  called  negative. 
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REMARKS  AND  CONCLUSIONS 

24  The  results  seem  to  warrant  the  statement  in  Par.  1  that  "  the 
observations  made  thus  far  are  not  sufficient  to  furnish  the  means  for 
determining  the  actual  distribution  of  the  stresses,  and  hence  for  the 
deduction  of  reliable  formulae  for  the  computation  of  the  direct 
stresses,  shearing  stresses,  diagonal  stresses,  deflections,  position  of 
the  neutral  axis,  etc.,  under  a  given  load."  It  follows  therefore 
that  whichever  of  the  theories  is  adopted  for  practical  use,  it  can  be 
regarded  only  as  a  sort  of  working  hypothesis. 

25  It  seemed  therefore  desirable  to  compare  the  results  of  these 
three  well-known  theories  with  those  obtained  by  experiment.  This 
comparison  can  best  be  made  by  a  detailed  study  of  the  tables,  especi- 
ally Table  5  and  Table  6. 

26  However,  it  seems  plain,  as  far  as  the  evidence  of  these  eleven 
tests  goes,  that  in  deducing  the  values  of  y^  and  a^  theory  C  gives 
results  much  nearer  those  determined  by  experiment  than  either  A 
or  B,  and  the  same  is  true  to  a  lesser  degree  in  the  case  of  v^,  whereas 
the  differences  are  not  so  marked  in  the  case  of  a^. 

27  It  also  seems  hopeless  to  obtain  a  reliable  deflection  formula 
without  taking  into  account  the  tension  in  the  concrete. 

28  Of  course  the  computations  are  more  easily  made  when  A 
is  used  rather  than  B  or  C,  but  in  the  cases  of  B  and  C  the  complexity 
is  not  so  great  when  designing  a  beam  as  when  determining  the  stresses 
in  a  given  beam  under  a  given  load. 


PUMP  VALVES  AND  VALVE  AREAS 

By  a.  F.  Nagle,  South  Bethlehem,  Pa. 
Member  of  the  Society 

There  has  grown  up  a  custom  of  specifying  in  water  works  pump- 
ing engine  specifications  that  the  area  through  the  valves  shall  exceed 
the  area  of  the  plunger  by  a  certain  percentage  thereof,  varying  from 
25  to  125  per  cent  of  increase.  It  is  my  purpose  to  demonstrate  that 
the  probable  intent  of  the  writer  of  this  clause  in  the  specification  is 
not  obtained  in  practice,  namely,  a  low  velocity  through  the  valve 
and  consequent  low  loss  of  head. 

2  The  above  form  of  expression,  namely,  proportioning  the  valve 
area  to  the  plunger  area,  is  defective  because  (a)  it  fails  to  distinguish 
between  the  valve-seat  area  and  the  circumferential  area  of  the  valve 
at  an  assumed  or  specified  lift;  (6)  it  leads  to  an  absurdity  unless 
coupled  with  the  length  of  stroke  and  the  number  thereof. 

3  To  the  first  criticism  it  may  be  replied  that  the  engine  builder 
interprets  the  clause  to  -mean  the  net  area  through  the  valve  seats, 
but  the  city's  engineer  occasionally  requires  the  circumferential  area. 
To  this  the  builder  will  not  seriously  object,  for  he  simply  increases 
the  possible  lift,  knowing  very  well  that  "  it  will  never  go  there,  " 

4  The  second  criticism  can  be  best  illustrated  by  the  following 
example:  Compare  two  pumps,  each  making  25  r.p.m.  one  having  a 
plunger  6^  in.  in  diameter  by  60  in.  stroke,  and  the  other  a  plunger  of 
13  in.  diameter  by  15  in.  stroke.  Precisely  the  same  volume  of  water 
passes  through  the  two  pumps,  yet  the  rule  laid  down  in  the  specifi- 
cation would  require  for  one  pump  four  times  the  valve  area  of  the 
other. 

5  What  is  the  real  purpose  in  specifying  anything  at  all  about 
valve  area?  Evidently  the  same  that  is  sought  in  limiting  the 
plunger  travel  per  minute,  and  founded  upon  the  law  that  in  a  pump- 
ing engine,  low  velocities  of  water  are  conducive  to  low  cost  of  opera- 
tion, but  proportionately  great  cost  of  construction,  and  conversely, 

To  be  presented  at  a  meeting  of  The  American  Society  of  Mechanical 
Engineers.     All  papers  are  subject  to  revision. 
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high  velocities  imply  high  cost  of  operation  but  lower  cost  of  con- 
struction; hence,  very  properly,  the  buyer  should  specify  the  maxi- 
mum velocity  he  will  accept. 

6  Briefly,  it  may  be  said  that  city  water  works  engines  are  now 
quite  generally  limited  to  about  250  ft.  of  plunger  travel  per  min., 
although  frequent  attempts  are  made  with  special  designs  to  increase 
this  travel  to  nearly  twice  this  amount.  This  plunger  travel  with 
5  to  1  connecting  rod,  entails  a  maximum  plunger  velocity  of  6.67 
ft.  per  sec,  and  the  head  due  to  this  velocity  is  0.30  lb.  per  sq.  in.  It  is 
desirable  to  speak  of  the  maximum  plunger  velocity  rather  than  the 
mean,  because  that  governs  the  maximum  valve  area  to  be  provided. 

7  The  fluid  losses  within  a  pump  may  be  divided  as  follows: 

a  Velocity  head  due  to  plunger  velocity,  varying  from  zero 
to  the  maximum  above  cited.  This  loss  may  be  ignored 
however,  since  with  well  rounded  plunger  ends  and 
rounded  water  passages,  the  accelerating  head  of  the  fluid 
column  during  the  first  half  of  the  stroke  is  conserved  by. 
its  retarding  force  during  the  second  half. 

b  Friction  head  due  to  surface  contact.  As  the  main  parts 
of  a  pump  are  comparatively  large,  the  velocities  are  low: 
and  the  lengths  of  contact  being  short,  this  friction-head 
is  equal  to  a  velocity-head  for  only  about  50  diameter 
lengths,  and  becomes  so  small  as  to  be  negligible. 

c  Velocity  head  through  the  valves.  This,  whatever  its 
amount,  is  a  total  loss  because  the  energy  of  the  issuing 
streams  is  destroyed  in  eddies  as  it  enters  the  large  valve 
or  pump  chambers.  To  keep  this  head  low  is  the  purpose 
of  the  specification  stating  that  the  valve  area  shall 
exceed  the  plunger  area  by  a  certain  amount. 

8  Let  us  assume  that  valve  area  means  valve-seat  area,  and  pass 
on  to  the  study  of  the.  valve.  A  pump  valve  consists  essentially  of 
three  elements  (a)  a  fixed  seat,  (6)  a  movable  valve,  (c)  a  spring. 
The  most  important  of  these  is  the  spring,  and  yet  on  this  point  all 
specifications  are  silent.  Is  this  because  the  writer  of  the  specifica- 
tion knows  nothing  about  the  subject?  In  a  general  way,  it  is  obvious 
that  a  spring  may  be  so  stiff  that  on  the  suction  stroke,  where  only 
atmospheric  pressure  is  available,  the  valve  will  not  open  at  all;  or 
it  may  be  so  light  that  it  will  nearly  float  in  its  place  and  will  close 
only  with  the  return  stroke  of  the  plunger.  Between  these  two 
extremes,  is  there  not  an  ascertainable  strength  of  spring  which  will 
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allow  the  valve  to  close  promptly  without  shock  and  yet  require  for 
lifting  force  but  a  small  percentage  of  the  total  pressure  in  the  pump? 
So  far  as  I  am  aware,  this  problem  has  not  been  stated  and  solved  in 
any  publication,  but  is  left  for  each  pump  builder  and  user. 

9  The  pressure  of  the  spring  per  square  inch  of  the  inside  seat 
area  seems  to  me  to  be  the  force  that  causes  the  rate  of  flow  of  the 
water  through  the  valve.  In  my  experiments  of  1875  (see  Vol.  10 
of  Transactions)  with  a  Cornish  double-beat  valve,  this  hypothesis 
did  not  hold,  that  is,  the  velocity  through  the  valve  was  from  60  to 
90  per  cent  greater  than  that  due  to  the  pressure  of  the  valve:  in 
other  words,  the  valve  did  not  rise  as  high  as  theory  would  demand, 


0  55 in.  i in.  tin.  ifin.     Joi"-    '4in> 

Fig.  1     Diagram  Showing  Variations  of  Tension 

LINE  A     IS  THE  ACTUAL  TENSION  OF  A  SPRING  AT  VARIOD8  POINTS  OP  LIFT.  LINES  B  AND  C 

SHOW   ESTIMATED  TENSIONS  AT  DIFFERENT  LIFTS   WITH  AN   INITIAL  TENSION 

OF  0.4  LB.    AND   0.3   LB. 


but  I  think  the  deviation  may  be  attributed  to  the  large  curvature 
given  the  upper  passage.  In  extensive  experiments  recently  made  by 
the  Bethlehem  Steel  Company  with  a  large  flat-hinge,  or  flap,  valve  to 
be  used  in  the  Baltimore  sewage  pumps,  the  hypothesis  held  very 
well  at  the  beginning  of  the  lift  and  fell  off  only  about  10  per  cent 
at  full  hft.  These  experiments  also  confirmed  the  Providence  experi- 
ments in  that  the  varying  lift  of  the  valve  follows  closely  the  varying 
velocities  of  the  plunger,  except  as  it  is  modified  by  increased  weight 
or  spring  tension. 

10     I  shall  therefore  assume  that  in  a  flat  rubber  pump  valve  held 
down  by  a  spring  (o)  the  velocity  of  the  water  is  that  due  to  pressure 


1050 


PUMP  VALVES  AND  VALVE  AREAS 


per  square  inch  of  the  inside  valve  area,  (6)  the  area  of  discharge  is 
the  net  circumference  of  the  inside  of  the  seat  multipKed  by  the  lift. 
11     The  well-known  formula  for  the  velocity  of  flow  in  feet  per 
second  is 

V   =   8.025  Vr  [1] 

(a)  where  h  is  the  head  of  water  in  feet.     As  2.31  ft.  of  water  1  sq.  in. 
in  area  weighs  1  lb.,  the  formula  can  be  changed  to 

V  =  12.23  y/p  '  [2] 

(b)  where  p  is  the  pressure  of  spring  per  square  inch  of  inside  area 


3'h  -H 

Fig.  2     Section  op  a  Standard  Make  of   Pump  Valve 

FREE  LENGTH  OF  SPRING  IS  1 V V  IN.,  NO.    12  B.  W.  G.  SPRING  BRASS 


of  valve.     Tables  1  and  2,  computed  from  Formula  2,  may  be  con- 
venient in  studying  this  subject. 

12  Springs.  The  springs  in  common  use  vary  from  0.40  to  0.60 
lb.  per  sq.  in.  of  inside  valve  area  at  the  beginning  of  the  lift,  and  as 
they  are  comparatively  short  (about  If  in.  closed),  they  tighten  up 
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TABLE  1     CONVERSION  OF  VELOCITY  INTO  PRESSURE 


Velocity  Ft. 

PER   Sec. 


Pressubb 

Pounds  per 

Sq.   In. 


0.107 
0.168 
0.242 
0.329 


Velocity  Ft. 

PER  Sec. 


Pressure 

Pounds   per 

Sq.  In. 


9 
10 
11 


0.430 
0.544 
0.672 
0.813 


Velocity  Ft. 

per  Sec. 


Pressure 

Pounds  per 

Sq.   In. 

0.967 
1.135 
1.317 
1.512 


TABLE   2      CONVERSION  OF  PRESSURE  INTO  VELOCITY 


Pounds 
Pressure 

Velocity 

Ft.    per 

Sec. 

Pounds 
Pressure 

Velocity 

Ft.    per 

Sec. 

Pounds 
Pressure 

Velocity 

Ft.   per 

Sec. 

Pounds 
Pressure 

Velocity 

Ft.   per 

Sec. 

0.15 

4.74 

0.50 

8.65 

0.85 

11.27 

1.40 

14.47 

0.20 

5.47 

0.55 

9.07 

0.90 

11.60 

1.50 

14.98 

0.25 

6.11 

0.60 

9.47 

0.95 

11.92 

1.60 

15.47 

0.30 

6.70 

0.65 

9.86 

1.00 

12.23 

1.70 

15.94 

0.35 

7.23 

0.70 

10.23 

1.10 

12.82 

1.80 

16.40 

0.40 

7.73 

0.75 

10.59 

1.20 

13.39 

1.90 

16.85 

0.45 

8.20 

0.80 

10.94 

1.30 

13.94 

2.00 

17.29 

T.\BLE  3  RATIO  OF  PRESSURES,  VE- 
LOCITIES, AND  LIFT  OF  VALVE, 
LINE  A 


I,iFT  Inches 


Tension 

Pounds   per 

Sq.  In. 


Velocity 
Ft.  per  Sec. 


Start 

0.60 

9.47 

A 

0.87 

11.40 

i          j 

1.10 

12.82 

A 

1.33 

14.10 

A 

1.55 

15.23 

TABLE  4  RATIO  OF  PRESSURES,  VE- 
LOCITIES AND  LIFT  OF  VALVE, 
LINE  B 


TjIft  Inches 


TABLE  5  RATIO  OF  PRESSURES.  VE- 
LOCITIES AND  LIFT  OF  VALVE, 
LINE  C 


Lift  Inches 


Tension 

Pounds   per 

Sq.  In. 


Velocity 
Ft.  per  Sec. 


At  Start 

0.30 

6.70 

ife           1 

0.44 

8.07 

i 

0.55 

9.07 

Tt 

0.66 

9.97 

A 

0.77 

.  10.83 

1052  PUMP  VALVES  AND  VALVE  AREAS 

rapidly  as  the  valve  rises.  Fig.l,  Line  A,  illustrates  this  rate  of 
increase  taken  from  a  new  spring.  The  apparently  needlessly  stiff 
springs  are  used  (o.)  to  provide  against  the  relaxation  sure  to  occur 
with  all  bronze  springs;  (b)  to  allow  for  the  lengthening  of  the  spring 
as  the  rubber  valve  wears  away. 

13  Fig.  2  shows  a  standard  pump  valve  used  by  a  prominent  builder. 
These  valves  run  from  2|  in.  to  3|  in.  inside  diameter.  Table  3  is 
made  up  from  Fig.  1,  with  the  velocities  computed  by  Formula  2. 
A  larger  lift  than  ^  in.  is  not  generally  allowed  for,  as  the  valve  is  not 
expected  to  rise  higher  or  even  as  high  as  this,  and  considering  the 
increased  tension  of  the  spring  one  would  not  expect  it. 

14  Other  spring  tensions.  In  Fig.  1,  Line  A  represents  the  actual 
tension  of  a  spring  at  various  points  of  lift.  If  the  same  type  of 
spring  were  made  of  smaller  wire,  its  varying  tensions  at  different 
lifts  would  be  proportional  to  the  initial  tension.  Lines  B  and  C 
show  these  estimated  tensions  at  different  lifts  with  an  initial  tension 
of  0.40  lb.  and  0.30  lb.,  respectively;  Tables  4  and  5  give  the  tension 
at  these  lifts,  together  with  the  velocities  corresponding  thereto. 

15  Valve  Lift.  If  it  is  true  that  the  spring  tension  governs  the 
velocity  of  water  through  the  valve,  we  can  readily  find  the  lift  of  a 
valve  under  specified  conditions.  Knowing  the  volume  of  water 
passing  through  the  valve  per  second,  the  inside  net  circumference 
multiplied  by  its  lift  and  the  velocity  must  equal  the  volume.  By 
formula,  PxV^  =  GxLXv^XN,  where 

P       =  plunger  area  in  square  inches. 

V^    =   maximum    velocity    of    plunger  in    feet  per  second; 

which  is  1.60  X  the  mean  velocity. 
C       =   net  circumference  of  valve  seat,  inches. 
L       =   lift  of  valve,  inches. 
v^     =   maximum  velocity  of  water  at  Lift  L,  found  by  aid 

of  the  diagram.  Fig.  1.    , 
N      =   number  of  valves. 


or 


K=fr 


X  K 


C  N  v^ 


Contractions  at  sharp  corners  and  angular  turns  make  this  calcula- 
tion inexact,  but  the  method  will  be  found  correct  enough  for  the  com- 
parisons in  this  paper,  and  is  the  only  practical  method  in  the  present 
state  of  knowledge  on  this  subject. 
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16  Comparisons  of  valve  areas  and  springs.  To  illustrate  my 
views,  let  us  take  the  case  of  a  vertical  triple-expansion  crank  and 
flywheel  pumping  engine,  having  each  plunger  34  in.  in  diameter  by 
60  in.  stroke,  making  25  r.p.m. — practically  a  25,000,000-gal.  engine. 
Plunger  travel  =  4.167  ft.  per  sec,  and  maximum  plunger  velocity 
=  6.67  ft.  per  sec.  Assume  the  pump  valve  to  be  3|  in.  inside 
diameter  with  5  ribs,  leaving  a  net  area  of  8  sq.  in.,  and  a  net  circum- 
ference of  10.53  in.  The  theoretical  lift  of  this  valve,  to  give  the 
same  area  on  the  circumference  as  through  the  ribs,  would  be  0.76 
in.  Let  us  assume  a  valve-seat  area  equal  to  150  per  cent  of  the 
plunger  area  and  an  initial  spring  tension  of  0.60  lb.,  and  ascertain 
the  number  of  valves,  their  lift,  velocities  at  various  points  and  loss 
of  efficiencies.  Then  let  us  make  the  same  calculations  for  a  valve- 
seat  area  equal  to  the  plunger  area,  with  an  initial  spring  tension  of 
(a)  0.40  lb.  per  sq.  in. ;  (6)  0.30  lb.  per  sq.  in.  The  results  are  given  in 
Table  6. 

TABLE  6    LOSS  OF  EFFICIENCIES,  ETC. 


Initial 
Spring 
Pkes- 

SUBB 

Pounds 

Valve 
Seat  Area 
Per  Cent 

Number 
OF  Valves 

Lift  of 
Valves 
Inches 

Velocities  in  Feet  per  Second 

Loss  of 
Effi- 

Plunger 

Valve  Seat 

Valve 

ciency 
Per  Cent 

1 

2 

3 

4 

5 

6 

7 

8  . 

0.60 
0.40 
0.30 

150 
100 
100 

170 
114 
114 

i 

0-6.67 
0-6.67 
0-6.67 

0-4.44 
0-6.57 
0-6.57 

9.47-12.82 
7.74-11.51 
6.70-10.37 

2.45 
1.97 
1.50 

17  Explanations.  Column  4.  The  plunger  area  (908  sq.  in.) 
multiplied  by  its  maximum  velocity  (6.67  ft.  per  sec.)  must  equal 
number  of  valves  (170  or  114)  multiplied  by  the  net  circumference 
(10.53  in.),  its  lift  L,  and  the  maximum  velocity  at  its  highest  lift. 
This  is  a  trial  process,  but  easily  found  after  one  or  two  trials.  Taking 
the  first  case,  we  would  have 

908  X  6.67   =    170   X    10.53   X    12.82,  or  L  =  0.264  in. 

Second  case: 

908  X  6.67  =  114  X  10.53  X  L  X  11.51,  or  L   =   0.438  in. 

Third   case: 


908   X 


6.67  =  114  X  10.53   X  L  X   10.37,  or  L  =  0.50  in. 
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18  Column  5.  While  the  crank  velocity  may  ordinarily  be 
taken  as  the  maximum  plunger  velocity  with  a  connecting  rod 
five  times  the  crank,  its  maximum  velocity  is  1.019  times  that  of 
the  crank  or,  maximum  velocity  =  5  X  3.1416  X  25  X  1.019  ~-  60  = 
6.67  ft.  per  sec.  We  can  also  take  the  mean  travel  of  the  plunger 
and  multiply  it  by  1.60  to  find  the  maximum  velocity. 

19  Column  6  is  self-evident. 

20  Column  7.  These  velocities  are  obtained  from  Tables  3  to 
5  and  Fig.  1,  and  were  computed  in  the  manner  already  described. 

21  Column  8.  To  get  an  expression  for  the  effect  of  strong  vs. 
light  springs  upon  the  economical  working  of  a  pump,  I  have  assumed 
a  pump  working  under  a  total  head  of  SO  lb.  per  sq.  in.  and  computed 
the  viean  pressure  required  to  operate  the  valve,  calling  this  ratio  of 
pressures  its  loss  of  efficiency. 

22  A  careful  examination  of  the  diagram  of  spring  compression, 
Fig.  1,  shows  that  at  the  beginning  of  the  lift  the  spring  did  not 
assume  its  full  uniform  resistance.  It  took  nearly  ^  in.  of  motion 
to  tighten  it  uniformly.  I  think  this  is  due  to  the  fact  that  these 
single  coil-wound  springs  are  always  a  little  stiffer  on  one  side  than 
the  other,  thus  canting  the  valve  to  an  oblique  position  to  conform 
itself  to  the  center  line  of  resistance  of  the  spring.  I  have  taken  as 
mean  pressures  of  the  springs  slightly  more  than  the  mean  of  the  two 
extreme  positions,  because  the  times  during  which  the  different 
pressures  prevail  are  not  equal.  Mean  pressures  were  taken  as 
follows : 

Case  A,  maximum  tension  =  1.10  lb.  at  :j-in.  lift,  mean  pres- 
sure =  0.98  lb.. 

Case  B,  maximum  tension  =  0.94  lb,  at  i^-in.  lift,  mean 
pressure  =  0.79  lb. 

Case  C,  maximum  tension  =  0.72  lb.  at  ^-in.  lift,  mean  pres- 
sure equals,  0.60  lb. 

As  this  mean  pressure  exists  during  both  strokes,  it  must  be  multi- 
plied by  two  to  find  its  ratio  to  the  effective  head  of  80  lb.,  operat- 
ing only  during  one  stroke.  Thus  the  values  given  in  Column  8  are 
found. 

23  Discussion  and  Recommendation.  A  study  of  the  figures  given 
in  Table  6  shows  that  the  proper  place  to  look  for  "loss  of  head"  in 
a  pump  is  in  the  spring  tension,  and  not  in  the  valve-seat  area.  As 
long  as  the  maximum  velocity  through  the  seat  does  not  exceed  that 
through  the  valve,  it  does  not  add  to  the  total  loss  of  head.     The  only 
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I'eason  for  having  a  large  number  of  pump  valves  and  a  large  inside 
diameter  is  to  keep  the  lift  down,  basing  judgment  on  the  number  of 
reversals  per  minute. 

24  We  have  seen  that  a  3|-in.  valve,  having  a  net  area  of  8  sq. 
in.,  needs  0.76  in.  lift  to  give  the  same  area  at  the  circumference  as 
through  the  seat.  If  there  were  no  rib  obstruction,  25  per  cent  of  the 
diameter  of  a  circle  gives  the  height  to  which  a  valve  must  lift  to  give 
a  circumferential  opening  equal  to  its  area.  Because  of  the  ribs,  we 
need  but  20  per  cent  of  the  diameter  for  the  lift;  and  with  the  lightest 
spring  C,  a  maximum  lift  of  ^  in.  or  13  per  cent  of  the  diameter  was 
sufficient  to  discharge  the  required  volume  of  water.  It  will  be  good 
construction  to  limit  the  lift  of  a  pump  valve  of  this  type  to,  say, 
15  per  cent  of  its  internal  seat  diameter.  The  spring  will  not  allow 
it  to  rise  to  that  height,  but  it  is  a  safe  limit  for  a  stop. 

25  The  place  to  begin  the  study  of  proportions  of  a  pump  is  at 
the  spring  of  the  valve.  Make  a  sample  spring  of  such  diameter  and 
length  and  strength  as  you  may  think  desirable,  and  by  experiment 
construct  a  diagram  of  its  rate  of  compression,  as  in  Fig.  1.  Now 
you  can  find  the  maximum  velocity  at  an  assumed  lift  and  proceed 
in  the  manner  already  pointed  out.  The  spring  would  be  improved, 
that  is,  it  would  not  tighten  up  so  rapidly  when  compressed,  if  it 
could  be  made  somewhat  longer  than  present  practice,  but  this  is  not 
practicable,  as  it  would  enlarge  the  valve  chamber,  where  the  valve- 
cage  design  is  used. 

26  The  largest  and  weakest  castings  within  a  pumping  engine 
are  the  valve  chambers  and  anything  that  can  be  done  to  reduce 
them  to  the  minimum  size  permissible  is  good  engineering.  I  think 
the  line  of  study  I  have  pursued  will  indicate  that  the  total  valve- 
seat  area  in  this  type  of  engine  need  not  be  more  than  the  plunger 
area.  That  rule,  if  adopted,  would  reduce  the  diameter  of  the  valve 
chambers  to  an  appreciable  extent,  probably  10  per  cent,  and  this 
is  well  worth  saving. 

27  The  number  of  valves  saved  by  the  construction  recommended 
(about  33  per  cent)  is  also  worth  saving.  No  loss  whatever  would  be 
entailed  and  a  part  of  the  money  saved  could  be  expended  in  mak- 
ing a  better  spring.  I  would  make  the  spring  of  steel,  if  possible, 
oil-tempered,  and  protected  against  corrosion  by  copper  electro- 
plating. Then  I  would  have  all  springs  tested  and  brought  to  a 
like  tension  under  a  rigid  specification.  With  these  improvements 
I  believe  that  a  little  better  pumping  engine  than  we  now  have 
could  be  obtained  at  a  little  smaller  cost. 
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By  a.  F.  Nagle,  Bethlehem,  Pa. 
Member  of  the  Society 

In  machinery  castings  as  well  as  in  cast  pipes,  separate  bars  are 
cast  and  subjected  to  tensile  or  transverse  stress  to  the  breaking- 
point,  these  results  being  used  as  evidence  of  comphance  with  the 
contract  specifications.  The  writer  has  examined  a  large  number  of 
such  test  bars  for  castings  used  in  the  Baltimore  sewage  pumps  and 
here  reports  the  results  of  this  examination  and  study.  Perhaps  the 
most  important  conclusion  is  that  the  test  bar  is  not  to  be  regarded 
with  too  much  confidence  as  indicative  of  the  exact  strength  of  the 
casting. 

2  All  transverse  bars  were  nominally  2  in.  by  1  in.  by  24  in.  cen- 
ters. They  were  cast  from  two  patterns  in  one  mold,  made  in  the 
same  kind  of  sand  as  the  main  casting.  The  flask  was  inclined  about 
30  deg.  There  was  but  one  gate  for  the  two  bars,  with  suitable 
risers.  The  iron  for  the  bars  was  poured  from  a  small  ladle  of  iron 
taken  as  near  as  might  be  from  the  middle  of  the  pour  of  the  main 
casting.     The  breaking  loads  were  corrected  for  varying  dimensions 

Wbd? 
of  the  bars  by  the  formula  W  = ,  where  h  and  d  are  the  actual 

dimension,  W  the  actual  breaking  load,  and  W  the  corrected  load 
or  weight.  These  results  are  used  throughout  this  paper.  The 
deflections  were  not  corrected. 

3  The  tensile  bars,  If  in.  by  6  in.,  were  cast  upright  in  the  same 
mold  as  the  main  casting,within  three  or  four  inches  thereof,  and 
connected  by  an  upper  and  lower  gate.  The  tensile  bars  were 
turned  to  1^  in.  diameter  and  threaded,  and  the  middle  portion 
reduced  to  1.129  in.  diameter,  which  is  equal  to  1  sq.  in.  area.  Table 
1  gives  the  results  of  the  chemical  analysis  of  the  several  bars  tested. 

4  From  August  5,  1907  to  April  4,  1908  there  were  made  67  single 
tensile  bars  and  the  same  number  of  pairs  of  transverse  bars,  and  the 

To    be    presented    at  a  meeting  of  The  American    Society   of  Mechanical 
Engineers.     All  papers  are  subject  to  revision. 
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TABI.E   1     ANALYSIS  OF  CAST-IRON  TEST  BARS 

Bars  used  in  I.  P.  Beu  Plate   CastNovember  21,  1907,  and  I.  P.  Frame,  Cast  November 
26, 1907  FOB  Baltimore  Sewage  Pumps 


' 

Total 
Carbon 

m 

H   z 
a  ° 

a 

H   z 
z  o 

c 

Sulphur 

z 

0 

^    '-I 

K 
H    0 

z 

0 

Date  Cast 

So 

s  < 
0  o 

o 

< 
0 

z 
< 

K 
cu 
m 
O 
» 

>    < 

O 

H 

Nov.  21,  1907.... 

.1  3.580 

2.830 

0.75 

0.79 

0.485 

0.081 

1.59 

24,900 

2440 

0.49 

Nov.  26, 1907..  .. 

.    3.396 

2.736 

■ 

0.66 

0.38 

0.459 

0.124 

1.91 

22,000 

2075 

0.40 

average  of  the  latter  was  used  in  this  record.  From  April  4  to 
December  19,  1908  there  were  made  91  jpuirs  of  tensile  bars  and  an 
equal  number  of  pairs  of  transverse  bars,  and  each  piece  of  the  pair 
is  recorded,  instead  of  the  average. 

5  Of  these  249  tensile  bars  and  their  corresponding  transverse 
bars,  32  sets- — 26  flat  and  6  round — were  rejected  for  defects  due  to 
blow-holes  and  four  tensile  bars  were  too  hard  to  bear  threading,  but 
the  companion  piece  was  used  in  this  record. 

6  Of  the  217  specimens  here  recorded,  42  are  designated  as 
abnormal,  that  is,  the  ratio  between  the  tensile  and  the  transverse 
bars  was  either  considerably  greater  or  smaller  than  the  average. 

7  By  referring  to  Table  2,  it  will  be  seen  that  of  the  175  specimens 
of  cast  iron  running  from  20,000  to  30,000  lb.  tensile  strength,  the 
ratio  of  tensile  to  breaking  loads  is  practically  10  to  1  and  the  deflec- 
tion 0.45  in. 


TABLE  2    COMPARISON  OF  CAST-IRON  TEST  BAKS 


Number   of 
Specimens 

Limit  of  Breaking 

Load  of  Transverse 

Bars 

Breaking 

POUN 

Transverse 

Loads 

DS 

Tensile 

Deflec- 
tion 
Inches 

Ratio  of  Tensile 
TO  Transverse 

29 
36 
51 
43 
16 

2000  to  2200 
2200  to  2400 
2400  to  2600 
2600  to  2800 
2800  to  3000 

2065 
2289 
2523 
2756 
2894 

21,630 
22,940 
24,880 
26,500 
28,460 

0.43 
0.45 
0.47 
0.49 
0.49 

10.47   to   1 

10.02  to   1 

9.86  to   1 

9.61   to   1 

9.83  to   1 

175 

Averages 

2383 

23,732 

0.45 

9.96  to   1 

Note. — Transverse  Bars,  rough  2  in.  by  1  in.  by  24  in.  centers;  tensile  bars,  turned  1.129 
in.  diameter  (l  sq.  in.  area). 
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8  Table  3  gives  25  abnormal  cases  where  this  average  ratio  is  as 
high  as  12.56  to  1  with  a  deflection  of  0.43  in.;  also  17  abnormal  cases 
where  this  average  ratio  is  as  low  as  7.91  to  1  with  a  deflection  of  0.44 
in.  And  yet  the  average  of  both  normal  and  abnormal  bars  was 
again  very  nearly  10  to  1 — 10.07  to  1. 

9  Breaking  loads,  presumably  alike,  varied  in  pairs  of  transverse 
bars,  and  also  in  pairs  of  tensile  bars,  as  follows: 

Out  of  65  pairs  of  flat  or  transverse  bars, 

14,  or  22  per  cent,  average  variation  IS  per  cent. 

TABLE  3     COMPARISON  OF  CAST-IRON  TEST  BARS 

Abnormal  Results 


Number   of 
Specimens 


Limit  of  Breaking  j 

Load  of  Tr.^nsvehse! 

Bars 


Breaking  Loads 
Pounds 


Transverse  I      Tensile 


Defi.ec-   Irato  of  Tensile 
tion  to  Transverse 

INCHES 


Above  10  to  1  ratio 


10 

2000  to  2200 

2088 

27,143 

0.41 

12.95  to  1 

10 

2200  to  2400 

2294 

28,530 

0.43 

12.44  to  1 

4 

2400  to  2600 

2436 

29,600 

0.49 

12.15  to  1 

0 

2600  to  2800 

00 

00 

1 

2800  to  3000 

2890 

34,000 

0.45 

11.76  to  1 

25 

Averages 

2258 

28,365 

0.43 

12.56  to.  1 

Below  10  to  1  ratio 


1 

4 
7 
3 
2 

2000  to  2200 
2200  to  2400 
2400  to  2600 
2600  to  2800 
2800  to  3000 

2105 
2359 
2487 
2656 
2969 

17.600 
18,825 
18,814 
21,2.30 
24,500 

0.50 
0.41 
0.43 
0.45 
0.47 

8.36  to  1 
7.98  to  1 
7.57  to  1 
8.00  to  1 
8.25  to  1 

17 

Averages 

2521 

19,954 

0.44 

7.91  to  1 

17,  or  26  per  cent  average  variation  5.4  per  cent. 
34,  or  52  per  cent  average  variation  less  than  2  per  cent. 
Out  of  65  pairs  of  round  or  tensile  bars, 

22,  or  34  per  cent  average  variation  15jper  cent. 
20,  or  31  per  cent  average  variation  5.5  per  cent. 

23,  or  35  per  cent  average  variation  less  than  2  per  cent. 

61  other  pairs  of  flat  bars,  which  had  only  one  companion  tensile  bar, 
varied  in  about  the  same  ratios. 


1060 


REPORT   ON    CAST-IRON   TEST   BARS 


10  Two  special  flat  bars  and  two  special  round  bars,  cast  in  one 
mold,  one  gate  and  at  one  pour,  varied  as  follows: 

2  flat  bars,  12  per  cent. 
2  round  bars,  7  per  cent. 

11  In  order  to  get  some  more  definite  information  on  these  varia- 
tions, if  possible,  I  had  a  pair  of  transverse  and  a  pair  of  tensile  bars 
made  and  cast  in  the  same  mold,  and  while  the  average  ratio  of  tensile 
to  transverse  strength  was  again  nearly  10  to  1,  as  shown  in  Table  4, 
the  same  type  of  bars  again  varied  12  per  cent  and  7  per  cent  respec- 
tively as  shown  in  Par.  10. 

12  I  have  no  satisfactory  explanation  for  the  great  variations  in 
these  test  bars,  and  we  can  only  accept  the  fact  that  mathematical 
uniformity  in  strength  of  cast-iron  bars  is  not  found  in  the  present 

TABLE  4     COMPARISON  OF  CAST-IRON  TEST  BARS 
Special,  Two  Sets  Cast  in  Same  Mold  at  Same  Time 


Number  of 
Specimens 

Limit  of  Breaking 

Load  of  Transverse 

Bars 

Breaking  Loads 
Pounds 

Deflec- 
tion 
Inches 

Ratio  of  Tensile 

Transverse 

Tensile 

1 
1 

2350 
2100 

23,000 
21,470 

0.50 
0.45 

9.79  to   1 
10.21  to  1 

2 

Average 

2225 

22,235 

0.47 

10.04  to   1 

217 

All  Averages 

2380 

23,970 

0.45 

10.07  to   1 

state  of  the  art.  To  anyone  questioning  the  results  I  can  only  say 
from  my  own  knowledge  of  the  circumstances  that  the  personal  equa- 
tion did  not  enter  into  them. 

13  Careful  observation  of  broken  bars  did  not  show  that  the  so- 
called  ''skin  of  the  metal"  was  of  any  appreciable  thickness,  and 
the  metal  was  remarkably  homogeneous  throughout.  The  tensile 
bars  being  turned,  the  skin,  if  there  were  any,  of  course  disappeared. 
It  is  my  opinion  that  the  skin  adds  practically  nothing  to  the  strength 
in  either  transverse  or  tensile  bars,  other  causes,  though  obscure, 
producing  far  greater  deviations. 

14  Although  many  castings  were  condemned  for  physical  defects, 
such  as  blow-holes,  shrink-holes,  sand-washes,  and  shifting  of  cores, 
not  a  single  case  of  cold-shut  was  discovered.  This  is  in  marked 
contrast  with  the  writer's  experience  on  similar  work  in  other  foun- 
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dries.  Excepting  a  number  of  steam  valves,  which  were  of  iron  too 
soft  for  their  purpose,  but  one  large  casting,  a  discharge  air  chamber 
weighing  16,000  lb.,  was  condemned  for  being  of  unsatisfactory  iron. 
In  this  case  the  iron  was  coarse-grained  and  brittle,  and  was 
required  to  stand  at  least  23,000  to  24,000  lb.  To  remove  all  doubt 
that  the  test  bars  were  truly  representative  of  the  iron  in  the  main 
casting,  two  tensile  bars  were  cut  out  of  a  large  flange,  which  had 
been  at  the  bottom  of  the  mold.  These,  from  the  most  favored  part  of 
the  casting,  as  will  be  seen,  stood  but  about  17,350  lb.;  90  per  cent  of 
that  revealed  by  the  test  bars.  In  this  case  there  was  a  remarkable 
agreement  among  these  pairs  of  bars. 

15  It  mv.j  be  interesting  to  apply  these  results  to  the  formula  for 
the  strength  of  cast-iron  beams  subjected  to  similar  stress.  The 
commonly  used  formula  (Kent,  page  268)  is 

2hd' 

TABLE  5      TEST  BARS  FROM  CONDEMNED  CASTING 


Breaking  Loads 

Pounds 

Deflection 

Inches 

Transverse                 Tensile 

1,968                        19,800 

0.35 

2,019       i                 19,000 

0.50 

Cut  out  of  flange 

17,000 

17,700 

where  R  is  called  the  modulus  of  rupture,  or  stress  per  square  inch  of 
extreme  fiber. 

P  =  load  at  center. 

I    =  length  in  inches  between  supports. 

b  and  d  =  breadth  and  depth,  respectively  in  inches. 

„  ,  .         ,  ,     .      .  ,         ^       3  X  2380  X  24 

Making   the   proper   substitutions,    we   have/t  = , 

^  ^    ^  2X2X1X1 

OT  R  =  42,840  lb.     This  is  not  the  correct  figure,  however,  for  the 

extreme  fiber  stress :  we  know  this  cannot  exceed  the  tensile  strength, 

which  we  have  found  to  be  23,732  lb. 

16     I  think  it  is  better  to  use  D.  K.  Clark's  formula,  given  on  page 

507  of  his  Engineers'  Tables,  etc.,  S  =  :.   i^^i.  ja  >  where  S  =  extreme 
^  '        '  1 .  155  bd^ 
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fiber  stress,  or  tensile  strength.  If  we  use  the  tensile  strength  found 
in  these  tests  as  23,732  lb.,  the   breaking  load  W  would   become 

' '- =  2284  lb.,  the  actual  breaking  load  being 

24  ;  .  o  b 

2383  lb.  As  this  is  within  4.3  per  cent  of  the  average  found  in  these 
tests,  this  formula,  using  the  tensile  strength  for  the  extreme  fiber 
stress,  seems  to  me  to  be  the  more  intelligible  and  dispenses  with  the 
"coefficient  of  rupture." 

17     "  Mr.  Barlow  found  by  experiment  that  for  1-in.  square  bars  of 
cast   iron,  the   breaking  Aveight   in   tons  [2240  lb.,  I   presume]  was 

expressed  by  the  formula  W=  -  X  13.6,  and  Mr.  Robert  Stephen- 
son arrived  by  experiment  at  exactly  the  same  coefficient."  Clark, 
page  561. 


TABLE  6    CIRCULAR  TEST  BARS  CAST  IN  VERTICAL  DRY-SAND  MOLD 

Breaking  Loads 
Bar                              Pounds 

Deflection 
Inches 

Value  of  W 

By  Formula 

Pounds 

Original  Dia- 
meter Inches 

Transverse 

Tensile 

H          ;           3344 
H          1           3344 
X           I           3026 

23,070 
23,754 
24,670 

0.15 
0.15 
0.12 

2948 
3036 
3153 

1.305 
1.305 
1.300 

1            ,              2 

3                          4 

5 

6 

IS     If  we  should  substitute  the  value  for  W  found  in  these  tests 

2383  2x1 

we  would  have  W,  or  "'^    '  ,   =  1.064  tons  =     X   a  constant, 

2240  24 

or,  constant  =  12.77,  which  is  within  7  per  cent  of  the  coefficients 

found  by  Barlow  and  Stephenson. 

19  Since  the  foregoing  was  written  I  have  had  the  opportunity  to 
observe  two  circular  test  bars  nominally  1\  in.  in  diameter  by  15  in. 
long,  with  12-in.  centers.  These  bars  were  cast  from  two  patterns 
in  one  vertical  dry-sand  mold  and  poured  from  a  small  ladle,  first  one 
and  then  the  other,  with  the  results  shown  in  Table  6. 

20  The  tensile  bars  were  taken  from  the  bottom  end  of  the  broken 
test  bar,  but  I  do  not  know  whether  H  or  X  was  poured  first.  The 
first  tensile  bar  H  had  a  small  air  hole,  which  being  corrected  for 
added  7  per  cent  to  its  tensile  strength,  and  this  is  also  given  in  the 
table.  A  second  bar  was  then  turned  up  from  the  immediate  join- 
ing piece  with  the  result  recorded  first  in  the  table.     The  turned  bars 
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were  0.937  in.  in  diameter.  Column  6  gives  the  original  diameter. 
Column  2  was  found  by  reducing  the  actual  breaking  loads  in  the  ratio 
of  the  cubes  of  the  diameters,  and  Column  3  was  reduced  to  the 
square  inch  area.  Why  the  transverse  breaking  loads  should  vary 
10  per  cent  and  the  tensile  bars  4  to  7  per  cent  the  opposite  way,  a 
total  variation  of  14  to  17  per  cent,  I  leave  to  the  reflection  of  the 
reader.  If  we  apply  Clark's  formula  f orthe  breaking  weights  for  circu- 
lar bars,  W  = -         we  find  the  values  given  in  Column  5. 

21  In  this  age  of  economic  production,  the  cost  of  these  turned  ten- 
sile bars  is  frequently  objected  to  by  the  manufacturer.  While  blow- 
lioles  seem  to  be  more  frequent  in  flat  transverse  bars  than  in  round 
attached  tensile  bars,  the  latter  seem  liable  to  a  greater  abnormal 
hardness,  for  which  I  have  no  explanation.  Some  indication  of  the 
toughness  of  cast  iron  can  be  seen  in  its  deflection,  which  is  not 
revealed  in  a  direct  tensile  pull.  I  should,  therefore,  be  satisfied 
with  two  or  three  transverse  test  bars  2  in.  by  1  in.  by  24  in.  centers, 
and  a  deflection  record  poured,  as  near  as  may  be,  from  the  middle  of 
the  pour  of  the  main  casting,  as  giving  a  fair  indication  of  the  iron  in 
the  main  casting,  but  mathematical  exactness  cannot  be  looked  for  as 
yet. 

22  If  we  wish  to  know  approximately  the  corresponding  tensile 
strength  of  the  iron,  we  can  multiply  the  breaking  load  of  the  2  in. 
by  1  in.  by  24  in.  flat  bar  by  10.  If  the  test  bar  is  of  l|-in.  diameter  by 
12-in.  centers,  its  breaking  load  should  be  multiplied  by  8,  to  obtain  the 
approximate  tensile  strength.  The  general  rule  seems  to  be,  that 
where  both  flat  bars  agree  in  breaking  loads,  the  tensile  strength  is  10  to 
]  of  the  breaking  load,  but  where  they  differ,  the  10  to  1  ratio  does  not 
hold.  A  better  practice,  therefore,  might  be  to  cast  three  round 
transverse  bars  and  accept  the  two  that  agree,  if  each  is  round,  as  a 
fair  sample  of  the  iron,  dispensing  with  the  tensile  bars.  This  con- 
cession to  the  manufacturer,  I  believe,  would  entail  not  only  no  loss  to 
the  city's  interests,  but  a  positive  gain. 


TESTS  ON  A  VENTURI  METER  FOR  BOILER  FEED 

By  Prof.  C.  M.  Allen,  Worcester,  Mass. 
Member  of  the  Society 

A  reliable  and  accurate  hot-water  meter  has  been  in  demand  for 
a  good  many  years.  The  principle  of  most  of  the  cold-water  meters, 
where  there  are  moving  parts  in  the  water,  is  not  at  all  adaptable  for 
hot-water  work.  A  hot-water  meter  for  boiler-feed  purposes  must 
stand  not  only  the  variation  in  temperature  but  also  considerable 
variation  in  pressure,  and  quite  often  it  has  to  stand  a  certain  amount 
of  water-hammer,  this  depending  somewhat  upon  the  style  and  con- 
dition of  pump  used.  The  Venturi  meter,  having  no  moving  parts 
jto  get  out  of  order  and  being  of  material  which  will  stand  the  ordinary 
corrosive  effects,  should  make  a  reliable  hot-water  meter. 

2  The  object  of  these  tests  was  to  determine  the  accuracy  of  a 
Venturi  meter  to  be  used  for  measuring  boiler  feed  under  a  great  variety 
of  conditions.  The  plan  was  to  make  a  complete  series  of  tests 
upon  a  small  Venturi  meter  under  all  the  probable  conditions  that 
would  ever  be  met  in  boiler  room  practice.  The  tests  were  made  un- 
der varying  temperatures  and  velocities;  under  varying  pressures, 
intermittent  and  steady;  using  a  triplex  power  pump  in  good  condi- 
tion, and  with  one  plunger  out  of  commission,  a  duplex  steam  pump 
in  good  condition  and  in  poor  condition,  and  an  injector. 

3  The  meter  was  installed  in  the  steam  engineering  laboratory  of 
the  Worcester  Polytechnic  Institute  and  set  up  the  way  most  conven- 
ient not  only  for  weighing  the  water  passing  through  the  meter,  but 
also  for  heating  the  water  before  it  went  through  the  meter,  and  pump- 
ing it  in  in  various  ways.  The  meter  used  was  built  by  the  Builders' 
Iron  Foundry  of  Providence,  R.  I.,  and  is  what  is  ordinarily  called  a 
2-in.  meter,  the  upstream  and  downstream  ends  being  2  in.  in  diame- 
ter and  the  throat  f  in.  in  diameter.  The  main  part  of  the  meter  is 
of  cast  iron  and  the  internal  portions  are  lined  with  brass.  Surround- 
ing the  upstream  end   and  throat  are  annular  chambers  between 

To  be  presented  at  a  meeting  of  The  American  Society  of  Mechanical 
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the  brass  sleeve  and  the  iron  casing.  Six  holes  are  drilled  through 
the  brass  lining  into  these  annular  chambers  at  about  equal  distances 
around  the  circumference,  in  order  to  give  the  actual  pressure  heads 
in  the  meter  at  both  throat  and  upstream  end.  From  the  outside 
of  these  annular  chambers  were  pipe  connections  to  a  manometer 
tube  which  consisted  of  a  glass  U-tube  containing  mercury.  There 
were  the  necessary  valves  and  pet-cocks  to  manipulate  the  meter, 
blowing  out  the  air  whenever  it  accumulated.  The  general  layout 
of  the  apparatus  is  shown  in  Fig.  1. 

4  The  apparatus  was  set  up  so  that  the  meter  could  be  supplied 
from  a  Ij-in.  metropolitan  injector,  a  4^  in.  by  2|-  in.  by  4  in.  duplex 
pump  or  4  in.  by  5|  in.  triplex  power  pump;  or  from  a  pressure 
tank  supplied  from  the  city  mains  or  by  a  large  duplex  pump.  These 
pumps  were  arranged  to  take  their  suction  from  a  pit  12  ft.  long,  6  ft. 
wide  and  4  ft.  deep,  directly  beneath  the  Venturi  meter.  A  1-in. 
steam  line  was  put  in  to  heat  the  water.  There  being  about  300  cu. 
ft.  in  the  supply  pit,  a  very  even  temperature  could  be  maintained. 
In  order  to  keep  the  discharge  from  the  pumps  constant,  a  suction 
well  was  supplied,  kept  at  constant  level  by  an  additional  pump  from 
the  main  pit.  The  discharge  from  all  the  pumps  used  was  carried  up 
a  vertical  2-in.  pipe,  at  the  top  of  which  was  an  air  chamber  4  in.  in 
diameter  and  3  ft.  long,  with  a  valve  so  inserted  that  it  might  be  cut 
out  whenever  desired.  From  this  vertical  pipe  ran  a  line  containing 
the  Venturi  meter,  a  thermometer-well  for  determining  tempera- 
tures, and  a  valve  for  throttling  water  in  order  to  get  any  desired 
pressure.  At  the  end  of  this  line  was  a  swinging  end  that  discharged 
into  either  of  two  5000-lb.  weighing  tanks. 

5  The  first  tests  were  made  with  cold  water  in  order  to  determine 
the  coefficient.  These  were  made  with  steady  pressure,  securing  a 
very  constant  flow.  Water  was  run  through  the  meter  until  the  con- 
ditions had  become  constant.  One  tank  was  weighed  while  the  water 
was  being  discharged  into  the  other.  The  tests  were  started  by  divert- 
ing the  discharge  into  the  weighing  tank  and  taking  the  time.  Read- 
ings of  the  Venturi  meter  were  taken  every  thirty  seconds  for  low 
velocities  and  every  minute  for  higher.  The  tests  were  ended  by 
diverting  the  discharge  into  the  other  tank,  taking  the  time  and  weigh- 
ing. 

6  When  hot*  water  tests  were  made,  it  was  found  that  a  certain 
amount  of  water  evaporated;  evaporation  tests  were  therefore  made, 
which  proved  this  amount  to  be  a  negligible  quantity. 

7  In  order  to  compare  the  workings  of  the  meter  under  the  various 
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conditions,  it  was  decided  to  determine  the  coefficients  for  this  meter 
under  these  conditions.  The  discharge  of  the  Venturi  meter  was 
figured  from  the  regular  formula,  using  a  coefficient  of  one,  and  the 
actual  weight  obtained  from  the  weighing  tanks  was  divided  by  this 
value  to  obtain  the  real  coefficient. 

S  The  following  temperatures  were  used  during  the  tests :  80  deg. , 
120  deg.,  140  deg.,  and  180  deg.  fahr.  Water  for  these  tests  was 
supplied  by  the  triplex  power  pump  with  different  velocities  through 
the  meter.  Tests  were  made  at  140  deg.  with  and  without  the  air 
chamber,  the  water  being  furnished  by  the  triplex  power  pump ;  then 
at  140  deg.  with  one  plunger  of  the  triplex  pump  disconnected  so  as 
to  produce  fluctuations  in  the  velocity  and  pressure  of  the  water  sup- 
plied to  the  meter. 

9  In  order  to  duplicate  more  nearly  the  conditions  of  boiler  feed, 
an  air  chamber  and  check  valve  were  placed  in  the  pipe  line  in  the 
downstream  side  of  the  Venturi  meter  (not  shown  in  Fig.  1).  Be- 
cause of  the  air  chamber  at  this  end  the  pump  fluctuations  could  pass 
through  the  meter  to  a  much  more  marked  degree  than  if  the  dis- 
charge was  merely  throttled  by  a  valve.  Under  these  conditions  tests 
were  run  with  water  supplied  by  the  injector,  taking  suction  from  a 
special  supply  tank;  with  the  injector,  however,  the  temperature  of 
the  water  of  necessity  varied  with  the  velocity  through  the  meter. 

CONCLUSIONS 

10  The  chief  difficulty  encountered  in  making  this  series  of  tests 
was  in  getting  the  true  average  readings  of  the  manometer.  With 
the  higher  velocities  through  the  meter,  the  fluctuations  could  be 
easily  dampened  by  closing  the  valves  to  the  manometer  tube,  but 
with  the  lower  velocities  any  error  in  reading  was  so  large  in  propor- 
tion to  the  entire  head  as  to  make  a  considerable  difference  in  results. 
It  may  be  said,  then,  that  the  meter  is  not  accurate  for  velocities  of 
less  than  10  ft.  per  sec.  in  the  throat  of  the  meter,  which  corresponds 
to  a  discharge  of  0.03  cu.  ft.  per  sec,  or  about  6140  lb.  per  hr.,  so  that 
this  meter  would  be  best  adapted  for  measuring  water  for  a  boiler 
plant  of  above  200  h.p.  The  coefficients  are  materially  lower  below 
0.03  cu.  ft.  per  sec.  The  principal  feature  shown  by  the  cooler  water 
tests  (80  deg.  fahr.)  is  the  low  value  of  the  coefficients  of  the  meter, 
the  average,  excepting  the  values  for  velocities  below  10  ft.  per  sec, 
being  0.942.  This  coefficient  might  have  been  expected,  however,  as 
in  a  small  meter  the  ratio  of  area  of  cross  section  to  surface  is  much 
lower. 
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1 1  These  experiments  clearly  show  that  the  meter  is  as  accurate  for 
hot  water  as  for  cold.  The  maximum  error  in  discharge,  as  figured 
from  manometer  deflections  using  the  mean  coefficients  for  that  tem- 
perature, is  as  follows:  80  deg.,  1.39  per  cent;  120  deg,,  1.5  per  cent; 
140  deg.,  1.9  per  cent;  180  deg.,  0.82  per  cent.  The  average  error 
is  well  within  1  per  cent. 

12  Of  the  pumps  tried  with  the  meter,  the  triplex  gave  by  far  the 
best  results,  and  it  may  be  confidently  stated  that  the  Venturi  feed- 
water  meter  would  give  very  satisfactory  results  in  a  plant  using  the 
power  pump.  Even  with  one  plunger  disconnected,  the  maximum 
variation  was  only  2.4  per  cent. 

13  In  tests  with  the  injector,  the  weighed  calculation  from  the 
Venturi  formula,  using  the  mean  coefficient,  shows  variations  from 
actual  weight  of  3  per  cent.     The  average  error  is  inside  2  per  cent. 
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Fig.  2    CxmvE  Showing  Variation  of  Venturi  Coefficient  with  Rise  in 

Temperature 


14  The  results  from  4^  in.  by  2f  in.  by  4  in.  duplex  pump  show  up 
better  than  might  be  expected  as  this  pump  was  in  very  poor  condi- 
tion, the  piston  rods  being  so  worn  that  the  pump  took  air  through 
the  stuffing  boxes  at  the  water  end. 

15  These  tests  represent  the  worst  conditions  which  would  be  met 
with  in  boiler  feed.  The  pump  would  start  building  up  pressure, 
then  pause  until  the  pressure  had  fallen.  The  check  valve,  which 
was  located  only  about  6  in.  downstream  of  the  Venturi  meter,  was 
opening  and  closing  constantly.  For  a  discharge  of  more  than  0.03 
to  0.04  cu.  ft.  per  sec,  the  coefficients  were  very  consistent. 

16  It  must  be  remembered  in  considering  these  tests  that  the  Ven- 
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turi  meter  itself  probably  worked  more  accurately  than  the  tests 
would  indicate,  as  every  change  in  velocity  through  the  meter  is 
accompanied  by  its  corresponding  change  in  head  on  throat  and  up- 
stream end,  and  that  a  continuous  recording  device  attached  to  the 
meter  would  probably  cut  down  the  error  considerably.  It  is  the 
opinion  of  the  experimenters  that  the  Venturi  meter  is  a  very  reliable 
form  of  hot-water  meter,  provided  the  proper  size  is  used. 

17  ^  These  tests  were  conducted  for  the  most  part  by  George  Y. 
Lancaster,  a  post-graduate  student  in  mechanical  engineering  at 
Worcester  Polytechnic  Institute,  and  these  results  are  taken  from 
a  thesis  submitted  by  him. 


THE  DESIGN  OF  CURVED  MACHINE  MEMBERS 
UNDER  ECCENTRIC  LOAD 

By  Prof.  Walter  Rautenstrauch,  New  York 
Member  of  the  Society 

Machine  members,  such  as  frames  for  punches,  shears  and  riveters, 
hooks  and  the  hke,  when  subjected  to  load  are  generally  supposed  to 
behave  like  beams  originally  straight  and  subjected  to  the  same  con- 
ditions. The  usual  analysis  applied  to  such  beams  in  determining 
the  proportions  required  to  withstand  safely  a  given  stress  assumes 
that  the  maximum  tensile  stress  at  a  in  Fig.  1  =  load  considered  as 
uniformly  distributed  over  the  section  +  the  stress  due  to  the  eccen- 
tricity of  the  load.     Symbolically  expressed 


r  _W       Wle 


where 


/j  =  maximum  intensity  of  tensile  sti'ess. 

W  =  load  on  beam. 

A  =  area  of  section. 

/  =  eccentricity  of  loading. 

e  =  distance  from  gravity  axis  of  section  to  point  under  stress  /j. 

2  This  analysis  is  unfortunately  prevalent  in  textbooks  on  the 
design  of  machine  elements  and  strength  of  materials,  and  has  been 
accepted  generally  because  of  long  standing.  However,  it  does  not 
agree  with  the  results  of  experiment  on  members  of  this  kind;  in  fact 
such  experimental  results  are  so  different  from  results  calculated  by 
this  formula  that  no  confidence  whatever  can  be  placed  in  it  and  safe 
proportions  can  be  obtained  only  by  the  use  of  a  large  factor  of  safety. 

3  The  writer  has  recently  pubhshed^  the  results  of  a  series  of 

'American  Machinist,  October  7,  1909. 
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experiments  which  are  remarkable  in  their  disagreement  with  the 
results  obtained  by  the  formula.  The  crane  hook  was  taken  as  an 
example  of  a  beam  of  this  sort  and  experiments  were  conducted  on 
ten  hooks  ranging  from  two  to  thirty  tons  rated  capacity.  All  hooks 
were  furnished  by  the  manufacturers.  In  Table  1  the  results  of  the 
experiments  are  compared  with  the  results  by  formula. 


Fig.  1      Machine-Tool  Frame  Considered  as  a  Loaded  Beam 

4  It  is  very  evident  that  the  assumptions  on  which  the  above  for- 
mula is  based  are  not  correct,  and  that  machine  members  designed 
on  this  basis  have  a  much  smaller  factor  of  safety  than  is  generally 
supposed.  While  this  has  been  known  in  some  quarters  and  attempts 
have  been  made  to  bring  about  an  adjustment,  no  theory  which  has 
been  developed  seems  to  fit  the  case  better  than  that  evolved  by  E. 


table  1     COiMPARISON  OF  RESULTS 


Description  op  Hook 

Load  at  Elastic 

Limit  by  Test 

Pounds 

Load  at  Elastic 

Limit   by  Standard 

Formula 

Pounds 

30-ton  cast  steel 

56,000 

115,000 

20-toii  oast  steel 

30,000 

70,000 

15-ton  cast  steel 

48,000 

145,000 

15-ton  wrought  iron 

16,000 

73,000 

10-ton  cast  steel 

18,000 

43,000 

10-ton  wrought  iron 

16,000 

26.000 

5-ton  cast  stee! 

18,000 

62,300 

5-ton  wrought  iron 

14,000 

20,800 

3-ton  cast  steel 

8,500 

14,900 

2-ton  cast  steel 

4.700 

14,900 
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S.  Andrews  and  Prof.  Karl  Pearson  of  London  University.  This 
analysis^  is  deserving  of  much  more  attention  than  it  has  received, 
and  it  is  surprising  that  even  some  who  have  had  access  to  it  have 
made  the  statement  that  the  old  theory  was  sufficiently  accurate  for 
the  usual  case  of  design.  It  will  not  be  my  purpose  to  give  a  complete 
derivation  of  the  new  formula,  which  has  been  published  elsewhere^ 
in  complete  detail,  but  rather  to  show  how  the  results  of  the  analysis 
may  be  made  directly  applicable  to  design. 

5  The  investigation  referred  to  gives  the  following  expression  for 
the  tensile  stress  at  the  most  strained  point  in  the  principal  section  of 
beam: 


W    f    I 

1 

1 

A  i  pr2 

<^ 

p/ 

ft.  =  ^-  \  ~i  -. ^  -n  1  +  1 


where 


fi  =  tensile  stress  at  most  strained  point  of   section,  pounds 

per  square  inch. 
W  =  load  on  hook,  pounds. 
A  =  areaof  section,  square  inches. 
I  =  distance  from  load  line  to  gravity  axis  of  section. 
p  =  radius  of  curvature  of  belly  of  hook  at  gravity  axis. 
e  =  distance  from  gravity  axis  to  point  of  maximum  tensile 

stress. 

dA 
y^  =  a,  function  whose  value  is  equal  to  I    ^    ■■ ^  in  which 

1  -I-  "    ' 
P 


A 

dA  is  any  differential  area  of  section,  a  distance  y  from 
the  gravity  axis,  I  denoting  the  sum  of  all  the  operations 
indicated  by  the  symbols. 

^2  =  a  function  whose  value  is  equal  to  y^  —  I 


6     The  functions  j^  and  j^  are  to  be  found  for  any  section,  as  shown 
in  Fig.  2.     The  half-area  of  the  hook  is  akhlc.     At  any  distance  y 

'Technical  Series  1,  Draper  Company's  Research  Memoirs,  1904. 
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dg 


from  b  erect  an  ordinate  equal  to 


1  + 


TV  ,•   Such  an  ordinate  is  de. 

y  V 


All   possible   ordinates   of  this   nature   determine   the   curve    aehjc. 
Clearly  then 

area  aehjc 
'  ^        ^  area  of  section 

Likewise,  if  at  any  distance  y  from  h  an  ordinate  is  erected  whose 


length  is 


dg 


Fig.  2     Cross-Section  of  a  Hook 


dj,  all  possible  ordinates  of  this  nature  form 


1  + 


y\\ 


the  curve  afhic,  and  ^'2 


area  aehjc  —  area  afhic 


^  area  of  section 
7     The  above  analysis  was  applied  to  each  of  the  hooks  tested, 
with  the  results  recorded  in  Column  3  of  Table  2.      An  inspection  of 

TABLE  2     ANALYSIS  OF  HOOKS  TESTED 
Load  at  Elastic  Ltmit,  Pounds 


m 

g 

15-TON                    10-TON 

5-TON 

3-TON      2-TON 

RATED    capacity 

CO 

0  a 

"a 

0) 

1 

Is- 

1 

1« 

3    p 

1       '      1 

m         so 

1     '     § 
o     1    o 

By  test 

By  standard  formula 
By  new  formula 

56,000  30,000 

115,000  70,000 

55,080  29,925 

48,000'  16,000  18,000 

145,000  73,000  43,000 

50,570l  15,000  16,500 

1 

16,000 
26,000 
15,000 

18,000  14,000 
52,300  20,800 
18,950  14,100 

8,500    4,700 
14,900  14,900 
8,600    4,400 

r-J^""'      -C 
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this  table  will  show  how  nearly  the  analysis  of  Mr.  Andrews  and  Profes- 
sor Pearson  fits  the  case  and  how  far  from  correct  are  the  results 
from  the  old  formula.  The  new  formula  appears  then  to  be  based  on  a 
correct  theory  and  to  be  perfectly  safe  for  use  in  the  design  of  all 
machine  members  of  this  general  type. 

8  In  its  present  form  it  is  a  rather  unwieldy  instrument  in  the 
hands  of  a  designer,  but  it  may  be  made  more  applicable  to  design 
than  might  be  thought  at  first.  Upon  examination  it  will  be  seen  that 
the  functions  ^-j  and  y^  are  constants  for  all  sections  of  similar  form, 
that  is,  for  all  sections  the  proportions  of  which  may  be  expressed  as  a 
function  of  some  unit  of  dimension,  for  example,  the  radius  of  curva- 
ture. Under  the  same  circumstances  the  entire  expression  within  the 
brackets  is  a  constant.     The  equation  for  a  series  of  sizes  and  sections 

W  W 

may  therefore  be  written  ft  =  ^  K,    or    A  =  -r-  K.     The  area  is  a 

function  of  the  unit  squared  and  therefore  we  may  write  A  =  C'r"^,  or 

Applying  this  to  the  case  of  a  series  of  hooks  ranging  from  the  mini- 
mum to  the  maximum  to  be  manufactured,  a  standard  form  of  section 
may  be  laid  out  as  in  Fig.  3,  and  the  constant  established.  For  the 
hooks  tested  by  the  writer  the  following  values  for  the  constant  were 
found: 

30-ton  hook,  cast  steel 3 .  00 

30-ton  hook,  cast  steel 3.10 

15-ton  hook,  cast  steel 3 .  23 

15-ton  hook,  wrought  iron 4 .  29 

10-ton  hook,  cast  steel 3.49 

10-ton  hook,  wrought  iron 3 .  42 

5-ton  hook,  cast  steel 3 .  12 

5-ton  hook,  wrought  iron 3.12 

3-ton  hook,  cast  steel 3 .  78 

2-ton  hook  cast  steel 3 .  74 

Average 3 .  43 

9  To  make  the  case  representative  of  present  practice  let  such 
ratio  of  proportions  be  assigned  to  the  section  shown  in  Fig.  3  that 
C  =  3,4,     The  design  of  a  series  of  wrought  iron  hooks  to  sustg,in 
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loads  of  from  2  to  40  tons  with  a  limiting  intensity  of  tensile  stress  of 
30,000  lb.  per  sq.  in.  will  require  the  following  computations: 


,   ,  80000 

40-ton  hook,  r  =  3.4  ^  =5.54 

\  30000 

,   ,  1 60000 

30-ton  hook,  r  =  3.4  ..  =  4.7 

\  30000 


,  40000 

20-ton  hook,  r  =  3.4  ^  =  3.94 

^ '  30000 


,   ,  ,  20000 

10-ton  hook,  r  =  3.4  ^ =2.76 

^'  30000 


5-ton  hook,  r  =  3.4 


2-ton  hook,  r  =  3.4  ^ =  1.23 

^ '  30000 


10000 
30000 


4000 


1.95 


10     The  proportions  obtained  above  will  be  for  loads  giving  a  maxi- 
mum stress  at  the  elastic  limit  of  the  material.     For  cast  steel  differ- 


FiQ.  3     Standard  Hook  Section 


cut  values  will  necessarily  be  obtained.  The  establishment  of  such  a 
standard  would  lead  to  a  very  simple  process  for  the  determination 
of  the  principal  section  of  a  hook  for  any  capacity;  the  proportions  of 
the  shank  and  other  parts  of  the  hook  may  readily  be  established  on 
the  same  basis.  The  bottom  of  the  hook,  being  subjected  to  much 
wear,  cannot  of  course  be  proportioned  on  the  basis  of  the  stress  analy- 
sis. The  above  standard  section  selected  as  an  average  representa- 
tive of  present  practice  is  not,  however,  the  most  economic  form  of 
section  from  tlie  standpoint  of  equal  maximum  tensile  and  compres- 
sive stresses.     It  has  been  pointed  out  by  Professor  Pearson  that  a 
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section  with  such  proportions  is  approximately  an  isosceles  triangle 
with  a  radius  of  curvature  of  1.75  of  the  height.  The  more  nearly  this 
form  could  be  approached  the  less  would  be  the  weight  of  hook  for  the 
same  capacity. 

11     Professor  Goodman'  points  out  that  for  hook  sections  the 
functions  y^  and  y^  are  expressed  approximatel}'  as  follows: 


ke 


Ti  = 


1.2  p^ 


where  k  =  radius  of  gyration  of  the  sections,  the  other  symbols  being 
as  before  noted. 


Centre  of  radius 
of  Curvaturo 


Fig.  4     Design  for  a  Punch  Frame 
A  =  212     7  =  14,533     fc  =  68.56    Z  =  38.56    ^  =  16    e  =  8.56 

12  It  will  be  found  much  more  convenient  to  use  these  empirical 
expressions,  which  give  quite  accurate  results,  than  to  determine  the 
value  of  the  functions  by  the  more  tedious  graphic  method. 

13  In  applying  these  empirical  formulae  to  punch  and  riveter 
frame  sections  the  writer  has  found  that  the  results  are  not  accurate 
but  that  the  values  are  better  expressed  as  follows: 


ke 


r2  = 


0.7  p 


n  =  1  +  i-ir2 

For  example,  consider  the  design  for  a  punch  frame  shown  in  Fig.  4 


^Institute  of  Mechanical  Engineers,  Proceedings,  vol.  167. 
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Computing  the  values  for  the  functions  ;-,  and  ^2  t>y  the  graphic 
method,  ^^  =  1.4,  y^  =  0.405.  Whereupon  the  intensity  of  stress 
according  to  the  new  method  of  analysis  for  a  force  of  90,000  lb.  at 
the  punch  will  be 


h  = 


w 

A 


I 

pr2 


1 


1  - 


n 


+  1 


=  8500  lb.  per  sq.  in. 


The  values  of  y^  and  ^-^  by  the  empirical  formula  are  1.44  and  0.4 

respectively.     Whereupon  the  intensity  of  stress  becomes  /^  =  8500 

approximately.     According  to  the  old   formula   used  almost  exclu- 

W      Wle 

sivelv  in  textbooks,  the  value  of  /^  is  expressed  by        _)- ,  whence 

A         I 

U  =  2450. 

14     The  above  empirical  formulae  are  derived  from  the  residts  of 

computation  of  two  sections.     I  am  not  prepared  to  state  that  it 

will  work  out  in  all  .cases  and  must  therefore  caution  anyone  against 

using  these  values  to  check  the  results  by  the  graphic  method.     It 

may  be  clearly  seen  that  were  the  punch  in  c[uestion  designed  for  a 

limiting  intensity  of  stress  of  2450  by  the  old  formula,  there  would 

actually  be  a  maximum  stress  of  8500  lb.  per  sq.  in.,  which  is  hardly  a 

safe  value  for  cast  iron  and  particularly  for  a  large  casting. 
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Reinforced  Concrete  in  Europe.     By  Albert  Ladd   Colby.     The   Chemical 
Pnblishivg  Co.    Easton,  Pa.     1909.     Cloth,  6  by  9;  x  +  260  p.    Price  $3. 

This  book  contains  a  report  made  to  a  number  of  "Subscribers"  on  current 
practice  in  reinforced  concrete  construction  in  Great  Britain  and  on  the  conti- 
nent, the  material  being  collected  in  1908,  cliiefly  by  personal  interviews  with 
the  leading  authorities  in  each  country.  Theory  is  but  briefly  dealt  with,  while 
the  practical  side  is  fully  discussed,  including  the  economy  and  proof  of  the 
endurance  of  reinforced  concrete  construction,  the  various  systems  in  use,  speci- 
fications, ingredients,  mixing  and  construction.  Considerable  space  is  given  up 
to  the  kind  of  steel  and  forms  of  bars  in  use  abroad.  To  enable  the  reader  to 
obtain  further  information  the  addresses  of  prominent  consulting  and  contract- 
ing engineers  of  each  country  are  given.  An  appendix  gives  the  addresses  of 
official  and  technical  testing  stations,  congresses,  institutions,  and  the  like.  A 
I^ibhography  is  also  given  of  books,  journals  and  periodicals  dealing  with  the 
subject  in  each  country. 

Contents  by  chapter  lieadinscs:  Applications  of  Reinforced  Concrete;  Economies  of  Rein- 
forced Concrete  Construction;  Endurance  of  Foreign  Reinforced  Concrete  Construction;  Foreign 
Systems  of  Reinforced  Concrete  Construction;  Mechanical  Bond  and  Forms  of  Bars;  Metal 
Used  for  Reinforcement;  Foreign  Specifications,  Recommendations  and  Opinions  Compared; 
Cement  Used  in  Reinforced  Concrete;  The  Chief  Requirements  of  Foreign  Cement  Specifi- 
cations Compared;  Concrete  Used  in  Reinforced  Concrete;  Tlie  Chief  Requirements  of  For- 
eign Concrete  Specifications  Compared;  Reinforced  Concrete;  Foreign  Specifications  and 
Recommendations  Compared  under  the  Chief  Specified  Requirements;  Lists  and  Description 
of  Foreign  Government  and  Private  Testing  Stations,  Congresses,  Technical  Institutions. 
Associations,  and  Committees,  who  have  Adopted  Resolutions,  Specifications,  or  Rules  Relat- 
ing Thereto;  Bibliography  on  Reinforced  Concrete,  Concrete  and  Cement. 

The   Railway  Locomotive.     By  Vaughan    Pendred.     D.    Van    Nostrand    Co. 
New  York.    1908.     Cloth,  6  by  8;  ix  -f  310  p.;  94  illustrations.     Price  .|2. 

The  author's  reason  for  writing  this  book  is  that  he  wished  to  deal  with  loco- 
motives not  "anatomically,"  but  "physiologically."  "The  technical  treatise 
deals  with  the  locomotive  almost  altogether  as  a  machine.  Its  parts  are  described, 
l)ut  the  reasons  why  they  assume  particular  shapes,  and  why  one  shape  is  better 
or  worse  than  another  are  not  dwelt  upon,  and  nothing  is  said  about  the  daily 
life  of  the  engine."  The  author  therefore  endeavors  to  tell  why  the  locomotive 
"is  what  it  is."  He  explains  the  mechanical  and  physical  phenomena  on  which 
it  depends  for  its  action,  and  the  objects  kept  in  A'iew  by  those  who  design,  con- 
struct and  use  it.  He  has  treated  the  locomotive  from  the  three  standpoints 
of  vehicle,  steam  generator  and  steam  engine.  The  book  is  not  intended  as 
a  "popular"  work  but  is  for  engineers  young  in  the  profession.  Though  British 
practice  is  mainly  considered,  Europe  and  the  United  States  receive  considerable 
attention.     The  method  of  presentation  is  clear   concise  and  interesting. 

Contents  by  chapter  headings:  Frames;  Bogies;  The  Action  of  the  Bogie;  Center  of  Gravity; 
Wheels;  Wheel  and  Rail;  Adhesion;  Propulsion;  CounterrBalancing;  The  Boiler;  The  Construc- 
tion of  the  Boiler;  Stay  Bolts;  The  Fire  Box;  The  Design  of  Boilers;  Combustion;  Fuel;  The 
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Front  End;  The  Blast  Pipe;  Steam;  Water;  Priming;  The  Quality  of  Steam;  Superheating; 
Boiler  Fittings;  The  Injector;  Cylinders  and  Valves;  Friction;  Valve  Gear;  Expansion;  The 
Stephenson  Link  JMotion;  Walschaert's  and  Joy's  Gears;  Slide  Valves;  Compounding;  Piston 
Valves;  The  Indicator;  Tenders;  Tank  Engines;  Lubrication;  Brakes;  The  Running  Shed; 
The  Work  of  the  Jjocomotive. 

Metallurgy  of  the  Common  Metals  (non-ferrous).  By  A.  Humboldt 
Sexton  and  John  S.  G.  Primrose.  The  Scientific  Publishing  Co.  Man- 
chester, England.     Cloth  6  by  9;  xvii  +  483  pages;  185  iUustrations.     Price 

7s.  6d. 

The  need  felt  by  the  authors  in  their  work  in  the  Glasgow  and  West  of  Scot- 
land Technical  College  for  a  text  book  of  the  metallurgy  of  the  common  (non- 
ferrous)  metals,  has  prompted  the  preparation  of  the  present  book.  It  is  intended 
cliiefly  as  an  introduction  to  further  study,  to  pursue  which  the  student  is  referred 
to  a  number  of  books  listed  in  an  appendix. 

Contents  by  chapter  headings:  Properties  of  Copper;  Copper  Minerals;  The  Principles  of 
Copper  Smelting;  Copper  Processes;  Ore  Dressing;  Modern  Methods  of  Copper  Smelting;  Matte 
Smelting  in  Blast  Furnaces;  Coarse  Copper  in  Reverberatory  Furnaces;  Copper  Refining;  Wet 
or  Leaching  Processes;  Electro-deposition  of  Copper;  Properties  of  Tin;  Working  Alluvial 
Deposits;  Tin  Smelting  in  Reverberatory  and  Blast  Furnaces;  Refining  Tin;  Properties  of 
Zinc;  Dressing  Zinc  Ores;  Tlie  English,  Belgian,  Silesian,  and  Rhenish  Processes;  Effect  of 
Impurities;  Properties  of  Lead;  Preparation  of  Lead  Ores;  Smelting  in  Hearths;  Roasting 
Lead  Ores;  Blast  Furnace  Smelting;  Blast  Furnaces  for  Lead  Smelting;  Products  of  Lead  Smelt- 
ing Fume  Recovery;  Wet  and  Electrolytic  Processes;  Softening  and  Refining  Lead;  Concen- 
tration of  Silver  in  Lead;  Cupellation;  Electrolytic  Refining  of  Lead;  Antimony;  Properties  of 
Aluminum;  Process  for  the  Preparation  of  Aluminum;  Properties  of  Nickel;  Dry  Methods 
for  the  Extraction  of  Nickel,  Wet  and  Electrolytic  Methods;  Physical  Constants  of  Metals; 
Thermo-Chemical  Data;  Factors  in  Calculating  Blast  Furnace  Charges;  Bibliography. 

The  Elements  op  Mechanics  of  Materials.  By  C.  E.  Houghton.  D.  Van 
Nostrand  Co.  New  York.  1909.  Cloth  6  by  8;  viii  +  186  p.;  88  illus- 
trations.    Price  $2. 

The  author  has  prepared  this  volume  for  use  as  an  elementary  text  book. 
The  extreme  mathematical  treatment  is  avoided;  but  where  higher  mathematics 
leads  to  clearness  it  is  freely  used.  ReAaew  questions  are  given  at  the  end  of 
each  chapter.  The  notation  is  uniform  with  that  of  Merriman's  works,  so  that 
his  more  complete  treatise  may  be  used  as  a  reference  book. 

Contents  by  chapter  headings:  Applied  Mechanics;  Applications;  Beams;  Torsion;  The 
Elastic  Curve;  Long  Columns;  Combined  Stresses;  Compound  Bars  and  Beams. 

Mechanical  Engineering  and  Shop  Practice.  By  Stanley  H.  Moore.  Hill 
Publishing  Co.,  New  York,  1908.  Flexible  Leather,  8vo.,  xv  +  502  p., 
illustrated.     Price,  $4. 

About  one-half  of  this  volume  is  devoted  to  a  treatment  of  the  ordinary  machine 
shop  processes  and  the  use  of  machine  tools,  as  indicated  in  the  table  of  contents 
below.  The  balance  of  the  book  contains  related  matter  of  a  broader  character 
not  usually  included  in  books  on  shop  work,  but  upon  which  the  skilled  mechanic 
should  be  informed  in  order  to  accomplish  work  intelligently.  The  matter 
referred  to  includes  a  chapter  on  materials,  giving  the  strength,  composition 
and  other  characteristics  besides  methods  of  hardening  steel.  Discussion  of 
friction  and  lubrication,  an  outline  of  the  principles  of  cutting  tools,  and  data  . 
upon  measuring  and  gaging  work  and  upon  screw  threads,  follow.  The  book  is 
concluded  with  chapters  upon  power-generating  machines,  power  transmission, 
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motor  driving,  etc.     The  author  has  included  his  paper  delivered  before  this 
Society  upon  Force  and  Running  Fits. 

Contents  by  chapter  headings:  Introduction  and  Equipment;  Materials;  Friction,  Lubricants 
and  Lubrication;  Cutting  Tools;  Measuring  and  Small  Tools;  Screw  and  Pin  Data;  Bench  and 
Vice  Work;  Turning;  Boring;  Drilling;  Grinding;  Planing;  Milling;  Miscellaneous  Machine  Tools 
and  Accessories;  Shop  Processes  and  Kinks;  Mechanics;  Power-Generating  Machines;  Elemen- 
tary Electricity;  Power  Transmission;  Motor  Drives  and  Motor-Driven  Macliine  Tools. 

Proceedings  of  a  Conference  of  Governors  in  the  White  House,  Wash- 
ington, D.  C,  May  13-15,  1908.  Issued  under  the  direction  of  the  Committee 
of  Governors,  by  W  J  McGee,  Recording  .Secretary.  Washington,  Govt. 
Cloth,  xxxvii  +  451  p.,  illustrated. 

This  is  a  verbatim  record  of  the  six  sessions  of  the  Conference  of  Governors 
called  by  the  President  of  the  United  States  to  consider  the  conservation  of  the 
national  resources.  At  the  conference  M.  L.  Holman,  President  and  Calvin 
W.  Rice,  Secretary,  represented  The  American  Society  of  Mechanical  Engineers, 
by  invitation  of  President  Roosevelt,  and  the  Secretary  attended  also  as  a 
specially  invited  guest.  The  discussion  of  the  Secretary  is  published  on  Page 
420,  and  that  of  H.  G.  Stott,  Memlaer  of  Council,  Am.  Soc.M.E.,  but  representing 
the  American  Institute  of  Electrical  Engineers  in  his  capacity  of  President,  is 
given  on  Page  404. 

The  contents  include  addresses  and  discussion  on  The  Conservation  of  Ores  and  Related 
Minerals,  The  Waste  of  Our  Fuel  Resources,  Tiie  Natural  Wealth  of  the  Land  and  its  Conserva- 
tion, Soil  Wastage,  Forest  Conservation,  Resources  Related  to  Irrigation,  Grazing  on  the  Public 
Lands,  Conservation  of  Life  and  Health  by  Improved  Water  Supply,  Navigation  Resources  of 
American  Waterways,  Conservation  of  Natural  Resources  in  Illinois,  New  York,  Pennsylvania, 
Michigan,  Wyoming,  Hawaii,  Washington,  D.  C,  Florida,  Iowa,  Maryland,  Arizona,  Maine 
Washington,  Conservation  of  Human  Life,  Our  Water  Resources,  The  Lakes-to-Gulf  Water- 
way, Plans  for  Conservation,  Forestry  as  Related  to  Mining  Interests,  Tlie  Consei-vation  Prob- 
lem, Conservation  from  the  View-point  of  Recreation,  Water  Resources,  Methods  for  Conserva- 
tion, The  Immediate  Necessity  for  Acquiring  the  Appalachian  Forest  Reserve,  Forest  Conser- 
vation, Suggestions  on  the  Consei-vation  of  Coal,  Suggestions  on  the  Conser^'ation  of  Some  of 
our  Resources,  Conservation  in  Relation  to  Labor,  View  of  the  Engineer,  Conservation  of 
Minerals,  Railways  and  Consei-vation,  The  Preservation  of  Scenic  Beauty,  The  Use  of  Sonie  of 
the  Natural  Resources  of  the  Counti-yandPossible  Economies  of  their  Use,  Interests  of  the  Manu- 
facturer, Conservation  of  Soils,  The  Twilight  Zone,  Necessity  for  Waterway  Improvement,  Fire 
Prevention,  How  Conservation  of  Mineral  Resources  can  be  Accomplished. 

Tables  of  the  Properties  of  Steam  and  Other  Vapors  and  Temperature- 
Entropy  Table.  For  Engineers  and  Students.  By  Cecil  H.  Peabody. 
John  Wiley  &  Sons,  New  York,  1909.  Eighth  edition,  rewritten.  Cloth 
8vo,  V  +  133  p.     Price  $1. 

Peabody's  tables  of  properties  of  saturated  steam  were  published  over  twenty 
years  ago  and  are  in  general  use  by  engineers.  In  the  intervening  time  important 
investigations  upon  the  properties  of  steam  have  been  made  by  various  physicists. 
With  these  new  data  as  a  basis  the  original  tables  were  recomputed  and  extended 
temperature-entropy  tables  were  added.  The  edition  containing  the  latter  was 
issued  in  1907.  An  edition  has  now  been  brought  out  in  which  the  tables  have 
again  been  recalculated  to  embody  the  refinements  now  rendered  possible  by 
recent  important  determinations  relating  to  the  properties  of  steam.  The  tem- 
perature-entropy tables  give  the  quality,  heat  contents  and  specific  volume  of 
saturated  and  superheated  steam  for  each  degree  of  temperature  fahrenheit;  and 
for  each  hundredth  of  a  vmit  of  entropy.  Such  tables  have  become  invaluable 
since  the  advent  of  the  steam  turbine  in  which  the  action  of  steam  is  assumed  to 
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be  approximately  adiabatic.  Calculations  upon  the  adiabatic  flow  of  steam  and 
upon  conditions  existing  in  the  different  stages  of  a  turbine  are  readily  made  by 
the  use  of  such  tables  without  the  tedious  mathematical  work  otherwise  necessary. 

Contents:  Introduction;  Tables;  Steam,  English  Units,  Degrees;  Steam,  English  Units- 
Pounds;  Steam,  French  and  English  Units;  Ether;  Alcohol;  Chloroform;  Carbon  Bisulphide' 
Carbon  Tetrachloride;  Aceton;  Ammonia;  Sulphur  Dioxid;  Specific  Volumes  of  Liquids! 
Volumes  of  Hot  Water;  Inches  of  Mercury  and  Pounds;  Corrective  Factors,  Superheated  Steam! 
Temperature-Entropy  Table;  Naperian  Logarithms;  Four-Place  Logarithms. 

Systems  of  Governing  and  Valve-Gears  of  European  Gas  Engines.  By 
R.  E.  Mathot,  Mem.Am.Soc.M.E.  For  sale  by  the  author.  Brussels  {Bel- 
ijium),  1908.     Pamphlet  form,  58  pages,  illustrated.     Price  3s. 

This  is  a  comprehensive  discussion  of  valve  gears  and  methods,  and  devices 
used  for  governing  gas  engines  of  both  large  and  small  sizes.  The  mechanisms 
illustrated  are  grouped  under  classifications  relating  to  the  principles  underlying 
the  different  systems  of  operation;  such  as  Governing  at  Constant  Ratio  and 
Volume,  Variable  Ratio  and  Constant  Volume,  etc.  The  whole  comprises  a 
systematic  study  of  the  subject. 

Gear-Cutting  Machinery.  By  Ralph  E.  Flanders,  Assoc.Am.Soc.M.E.  John 
Wiley  &  Sons,  New  York,  1909.  First  edition.  Large  12mo,  viii  -I-  319  p., 
219  illustrations.     Price  $3. 

The  author  of  this  book  contributed  the  paper  at  the  last  annual  meeting  of  the 
Society  upon  Interchangeable  Involute  Gear  Tooth  Systems,  which  resulted  in  the 
appointment  of  a  committee  to  formulate  gear-tooth  standards.  His  treatise 
upon  gear-cutting  machinery  is  unique  in  that  it  treats  solely  and  with  thorough- 
ness of  the  different  types  of  one  form  of  machine  tool.  It  explains  the  under- 
lying principles  of  the  different  systems  of  gear  cutting  in  use  at  the  present  time 
and  of  the  mechanisms  by  which  these  systems  are  carried  out  in  modern  gear- 
cutting  machines.  As  far  as  possible  all  of  the  European  and  English  machines 
as  well  as  American,  are  included.  The  method  of  treatment  is  to  describe  the 
machines  and  their  mechanisms  in  the  order  determined,  first,  by  the  form  of  gear 
each  is  designed  to  cut;  next,  by  the  principle  of  action  involved;  next,  by  the 
method  of  operation  employed;  then  by  the  kind  of  mechanism  used;  and  finally, 
by  the  structural  design  of  the  machine.  Most  of  the  material  comprising  the 
book  has  appeared  serially  in  Machinery  of  which  its  author  is  associate  editor. 

Contents  by  chapter  headings:  Methods  of  Forming  the  Teeth  of  Gears;  Machines  for  Form- 
ing the  Teeth  of  Spur  Gears;  Machines  for  Cutting  the  Teeth  of  Internal  Gears  and  Racks; 
Machines  for  Cutting  the  Teeth  of  Worms  and  Helical  Gears;  Worm-Wheel  Cutting  Machines; 
Machines  for  Forming  the  Teeth  of  Bevel  Gears. 
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Applied  Mechanics  for  Engineers.     By  E.  L.  Hancock.     New  York.    Mac- 

millan  Co.,  1909.     Gift  of  publishers. 
American    Ceramic    Society.     Transactions.     Vol.    11.     Columbus,    0.,  1909. 

Gift. 
American  Society  of  Civil  Engineers.     Transactions.     Vol.  64,  1909.     New 

York,  1909.     Exchange. 
Association    of    Railway    Telegraph    Superintendents.    Proceedings    of 

Annual  Meeting,  June  23-25,  1909.     Milwaukee,  Wis.,  1909.     Gift. 
Bibliography  of  Cotton  Manufacture.     By  C.  J.H.Woodbury.     Waltham, 

Mass.,  1909.     Gift  of  author. 
Brennan's  Handbook.     By  B.  A.  Brennan.     New  York,  J.  Wiley  &  Sons,  1908. 

Gift  of  pubb'shers. 
Bricklaying  System.     By  F.  B.  Gilbreth.      New  York,  M.  C.  Clark  Pub.  Co., 

1909.     Gift  of  author. 
Design  of  Highway  Bridges  and  the  Calculation  of  Stresses  in  Bridgii 

Trusses.     By  M.  S.  Ketchuin.     New   York,  Engineering  News  Pub.  Co.. 
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1909.  Gift  of  publishers. 

Geological  Report  Upon  the  Gold  and  Copper  Deposits  of  the  Phillips 
River  Gold  Field.  (Bulletin  No.  35,  Western  Australia  Geological  Sur- 
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National,  Conference    on   Standard    Electrical   Rules.     Minutes   of  7th 

Annual  Meeting,  March  26,  1909.     New  York,  1909.     Gift. 
National   Electric    Light   Association.     Bulletin.     Vol.    3.     No.    2.    New 
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New  York  (State)  Advisory  Board  of  Consulting  Engineers.     Report  to 
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Patents  as  a  Factor  in  Manufacturing.     By  E.  J.  Prindle.     New    York, 

1908.  Gift  of  author. 

Practical    Alternating    Currents    and    Alternating    Current    Testing. 

Ed.  3.     By  C.  F.  Smith.     Manchester,  Scientific  Pub.  Co.     Gift  of  pubhshers. 
Practical  Testing  of  Gas  and  Gas  Meters.     By  C.  H.  Stone.     New  York, 
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Report  on  the  Waverley  or  Siberia  District.     By  A.  Montgomery.     Perth, 
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Simplified  Methods  of  Calculating  Reinforced  Concrete  Beams.  By  W. 
N.  Twelvetrees.     London,  Whittaker  &  Co.,  1909.     Gift  of  Macmillan  Co. 

Steam  Power  Plant  Engineering.  By  G.  F.  Gebhardt.  New  York,  J .  Wiley 
&  Sons,  1908.     Gift  of  publishers. 

Systems  of  Governing  and  Valve-Gears  of  European  Gas  Engines.  By 
R.  E.  Mathot.     Brussels,  1908.     Gift  of  author. 

Tables  of  the  Properties  of  Steam  and  Other  Vapors,  and  Temperature- 
Entropy  Table.  Ed.  S.  By  C.  H.  Peabody.  New  York,  J.  Wiley  &  Sons, 
1909.     Gift  of  publishers. 

Track  Elevation  Within  the  Corporated  Limits  of  the  City  of  Chicago, 
ro  December  31,  1908.  Chicago,  1909.  Gift  of  Dept.  of  Track  Elevation, 
City  of  Chicago. 
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Bacle,  M.  L.     Les  Plaques  de  Bhndages.     Paris,  1900. 
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Chemical,  Metallurgical  and  Mining  Society  of  South  Africa.  Proceed- 
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Cumatology  of  California.  By  A.  G.  McAide.  (U.  S.  Weather  Bureau.) 
Washington,  1903. 

Da  Cunha,  a.     L'Annee  Technique.     1902-1903.     Paris,  1903. 

Eldridge,  G.  H.  Asphalt  and  Bituminous  Rock  Deposits  of  the  United  States. 
(Extract  from  22d  Annual  Report,  U.  S.  Geological  Survey,  Pt.  1.)  Wash- 
ington, 1901. 

Electrical  Trades  Directory.     1898.     London,  1898. 

Geological  Institution  of  the  University  of  Upsala.  Bulletin.  Vol  8. 
No.  15-16.     Upsala,  1908.  ~ 
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Inteunational  Electrical  Congress.  Paris,  1900.  Congr^s  International 
d'Electricit^,  Paris,  August  18-25,  1900.     Paris,  1901. 

Jahrbuch  fur  das  Eisenhuttenwesen.  Second  Annual  Report.  1901. 
Dusseldorf,  1903. 

IjANGBein,  G.  Vollstandiges  Handbiich  der  Galvanischeu  Metall-Niedersch- 
lage.     Leipzig.  1805. 

Master  Car  Builders'  Association.     Proceedings.     Vol.  37.      Chicago,  1903. 

Mines  and  Quarries,  1902.     (U.  S.  Census  Bureau.)     Washington,  1905. 

Paris  Universal  Exposition,  1878.  Report  of  the  United  States  Commission- 
ers. Vol.  1-5.  Washington,  1880.  Also  Report  of  1889.  United  States 
Commissioners.     Vol.  1-5.     Washington,  1890-1891. 

Report  on  Commission  Named  to  Study  Various  Electro-Thermic  Processes 
Employed  in  Europe  for  the  Smelting  of  Iron  Ores  and  the  Manu- 
facture OF  Steel.     Ottawa,  Dept.  of  the  Interior,  1905. 

Report  on  the  Experiments  Made  at  Sault  Ste.  Marie,  Ont.,  under 
Government  Auspices,  in  the  Smelting  of  Canadian  Iron  Ores  by 
the    Electro-thermic    Process.     By    E.    Haanel.     Ottawa,    1907. 

Society  of  Naval  Architects  and  Marine  Engineers.  Constitution  and 
By-Laws  and  list  of  Members.  1897.  New  York,  1897.  Transactions. 
1896.     New  York,  1897. 

Timber  Physics.  Pt.  1-2.  (U.  S.  Agriculture  Dept.,  Forestry  Division.) 
Washington,  1892,  1893. 

United  States  Magnetic  Tables  and  Magnetic  Charts  for  1905.  By  L.  A. 
Bauer.     (U.  S.  Coast  and  Geodetic  Survey.)     Washington,  1908. 

Wisconsin  Railroad  Commission.     Second  Annual  Report.     Madison,  1908. 

TRADE  CATALOGUES 

Joseph  Dixon  Crucible  Co.,  Jersey  City,  N.  J.  Catalogue  of  Foundry  Pac- 
ings applied  to  surface  of  molds.     Graphite,  September,  1909. 

General  Electric  Co.,  Schenectady,  N.  Y.  Bulletin  on  Panel  Boards  and 
Cabinets;  Bulletin  No.  4676,  on  the  Multiple  enclosed  arc  lamp;  No.  4682, 
on  Type  ¥  form  P-3  oil  break  switches  for  spinning  frames  and  machine 
tools;  N"o.  4690,  on  Type  MA  fuse  boxes;  No.  4692,  on  G.  E.  210 railway 
motor;  Folders  on  White  core  30  per  cent  Para  wires  and  cables  and  Tricoat 
wires  and  cables. 

Wilbur  R.  Kimball,  New  York  City.  Announcement  of  evening  course  on 
Aeronautics,  to  be  given  in  West  Side  Y.  M.  C.  A.  by  Mr.  Kimball. 

John  H.  Morrison,  Brooklyn,  N.  Y.  Announcement  of  "History  of  New  York 
Ship  Yards,"  by  Mr.  Morrison,  showing  the  development  of  wooden  ship 
building  in  the  United  States. 

Reading  Iron  Co.,  Reading,  Pa.     Pamphlet  on  wrought-iron  pipe  vs.  steel  pipe. 

Scully  Steel  &  Iron  Co.,  Chicago,  III.  Stock  list  of  iron  and  steel  for  Sept- 
ember, 1909. 

Williamson  Submarine  Corporation,  Norfolk,  Va.  Submarine  Bulletin, 
August,  1909.  Description  of  new  Williamson  submarine  tube  caisson  for 
deep  water  diving. 


EMPLOYMENT  BULLETIN 

The  Society  has  always  considered  it  a  special  obligation  and  pleasant  duty  to  be  the  medium 
of  securing  better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention 
and  is  most  anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  request.  Copy  for  notices  in  tliis  Bulletin  should  be  received 
before  the  15th  of  the  month.  The  list  of  men  available  is  made  up  of  members  of  the  Society, 
and  these  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society  who  are 
capable  of  filling  responsible  positions.     Information  will  be  sent  upon  application. 

POSITIONS     AVAILABLE 

074  Capable,  energetic  young  man,  not  less  than  thirty  years  of  age,  to 
handle  correspondence.  Must  have  good  business  judgment.  Supply  all  details 
and  state  salary  expected.     Location,  Detroit,  Mich. 

075  Master  mechanic  for  a  beet  sugar  factory  in  Southern  Cahfornia  employ- 
ing about  sixty  men  during  repair  seasons.  Man  must  be  capable  of  handhng 
labor,  and  have  had  a  varied  experience  in  general  machinery  work.  State  age, 
past  experience  in  full,  and  salary  expected. 

076  Mechanical  draftsman,  recent  gi'aduate  in  mechanical  engineering,  cap- 
able of  designing  pumps  and  heavy  hoisting  machinery,  experienced  in  use  of 
steam-engine  indicator,  and  able  to  assist  in  testing  all  sorts  of  mechanical  equip- 
ment, and  making  computations. 

077  First-class  structural  draftsman,  able  to  carry  through  complete  designs 
for  head-frames,  tipples,  coal-pockets  and  all  sorts  of  buildings.  Give  full  par- 
ticulars as  to  experience,  age  and  salary  expected. 

078  Position  available  for  competent  designer  of  steam  pump  machinery;  the 
position  would  be  that  of  assistant  to  the  chief  designer.  Familiarity  with  hoist- 
ing machinery  would  be  an  asset.     Location  Middle  West. 

MEN    AVAILABLE 

311  Cornell  graduate,  electrical  and  mechanical  engineer,  experience  as  chief 
engineer  on  the  design  and  construction  of  large  steam-turbine  power  and  centri- 
fugal pumping  plants,  distribution  systems,  fire-protection  systems  and  the 
electrification  of  industrial  plants,  desires  to  make  engagement  on  the  comple- 
tion of  present  work,  about  January  1. 

312  Graduate  mechanical  and  electrical  courses,  W.  P.  I.,  age  thirty-one, 
desires  position  in  engineering  or  executive  capacity.  Experienced  in  engineer- 
ing contracting  business,  and  construction;  has  installed,  repaired  and  operated 
various  types  of  gas,  steam  and  electrical  power  equipments.     Competent  to 
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prepare  plans,  specifications,  estimates  and  reports ;  six  years  on  the  Pacific  coast 
and  previously  in  New  England.     Salary  $2500.     Location  immaterial. 

313  Experienced  mechanical  and  electrical  engineer,  technical  graduate, 
wishes  responsible  position  with  a  first-class  firm  of  consulting  engineers.  Is 
thoroughly  experienced  in  economical  operation  of  power  plants,  having  served 
for  a  number  of  years  as  operating  engineer  in  charge  of  a  group  of  stations.  Con- 
versant with  the  most  recent  practice  in  design  and  operation. 

314  Technical  graduate,  age  thirty-three,  active,  some  years' practical  experi- 
ence, employed  and  had  charge  of  man,  desires  position  as  assistant  to  super- 
intendent, testing  engineer  or  similar  position. 

315  Member  desires  position  as  factory  manager  or  mechanical  engineer  with 
concern  manufacturing  light  or  medium  weight  work.  Long  experience,  best 
references. 

316  Member,  with  wide  commercial  and  technical  experience  in  operation, 
design,  construction  and  laying  out  of  industrial  plants  ,  is  open  for  engagement 
November  1. 


CHANGES  IN  MEMBERSHIP 

CHANGES  OF  ADDRESS 

ADAMS,  Kjlburn  E.  (Junior,  1908),  Mech.  Engr.,  Boston  &  Albany  R.R.,   Rm. 

372,  South  Sta.,  Boston,  and  for  mail,  132  Oxford  St.,  North  Cambridge,  Mass. 
ALLEN,  Benj.  T.  (1903),  Ch.  Engr.,  Harrisburg  Fdy.  Mch.  Wks.,  and /or  mail, 

229  S.  13th  St.,  Harrisburg,  Pa. 
ALLEN,  Walter  C.  (Junior,  1905),  (  enl.  Mgr.,  Yale  &  Towne  Mfg.  Co.,  9  Murray 

St.,  New  York,  N.  Y.,  and  181  Greylock  PL,  Stamford,  Conn. 
ANDERSON,  Harry  Warfield  (Associate,  1907),  103  Candler  Bldg.,  and /or  mail, 

Owens  Apts.,  5  E.  3d  St.,  Atlanta,  Ga. 
BELL,  John  Everett  (Associate,  1903),  Mech.  Engr.,  Babcock  &  Wilcox  Co., 

85  Liberty  St.,  New  York,  N.  Y.,  and  Oradell,  N.  J. 
BRADY,  Joseph  H.  (1907),  Ch.  Engr.,  Bd.  of  Education,  Room  J,  Pub.  Library 

Bldg.,  9th  and  Locust  Sts.,  and  2115  Benton  Blvd.,  Kansas  City,  Mo. 
BROOME,  Ernest  L.  (Junior,  1898),  Engr.,  Viele,  Blackwell  &  Buck,  49  Wall 

St.,  New  York,  N.  Y. 
CARLE,  Nathaniel  A.  (1907),  1020  E.  Demy  Way,  Seattle,  Wash. 
CHAMBERS,  Norman  C.  (Junior,  1905),  136  W.  44th  St.,  New  York,  N.  Y. 
CLARKE,  Phihp  L.    (Junior,    1907),    White  &  Newcomb,    Contr.   Engrs.,    32 

Avenida  de  Cuicode  de  Mayo,  Mexico  City,  D.  F.,  Mex. 
COON,  Thurlow  Emmett  (Junior,  1908),  451  2d  Ave.,  Detroit,  Mich. 
DEAN,  ARTHUR  M.  (Junior,  1907),  Overland  Auto.  Co.,  and /or  mail,   2716 

Robinwood  Ave.,  Toledo,  O. 
FRANCIS,  W.  H.  (1884),  Union  League  Club,  Pliiladelphia,  Pa. 
HARDY,  Carl  E.  (Junior,  1902),  Asst.  Supt.  of  Shops,  Mfg.  Dept.,  U.  S.  Navy 

Yard,  Mare  Is.,  and /or  mail,  3  N.  Randolph  St.,  Napa,  Cal. 
HESS,  Howard  D.  (1903),  Asst.  Prof.  Mch.  Design,  Cornell  Univ.,  7  South  Ave., 

Ithaca,  N.  Y. 
HOLL,  Chas.  L.  (Junior,  1908),  Engr.,  Pump  Testing  Dept.,  Allis-Chalmers  Co., 

and /or  tnail,  4612  Maiden  St.,  Cliicago,  111. 
HORTON,  W^illiam  H.  (Junior,  1904),  Mech.  Engr.,  Constr.  Dept.,  Swift  &  Co., 

and /or  mail,  7001  Park  Ave.,  Chicago,  111. 
HUMPHREYS,  Alex.  C.   (1884),   Manager,    1907-1910;    Life    Member;    Pres., 

Stevens  Inst,  of  Tech.,  Hoboken,  N.  J.,  Pres.,  Buffalo  Gas  Co.,  and /or  mail, 

Pres.,  Humplu-eys  &  Glasgow,  165  Broadway,  New  York,  N.  Y. 
KUNZE,  Edward  J.  (1907),  Instr.  Steam  and  Gas  Engrg.,  Univ.  of  Wis.,  Madison-, 

Wis. 
LOCKWOOD,  James  Fred  (1889;  1907),  Mgr.,  Security  Elev.  Safety  Co.,  126 

W.  18th  St.,  New  York,  and /or  77iail,  678  McDonough  St.,  Brooklyn,  N.  Y. 
McELROY,  Jos.  A.  (1895),  McEh-oy  Bros.,  Bridgeport,  Conn. 
MacFARLAND,  Helon  P rooks  (1907),  Engr.  of  Tests,  Atchison,  Topeka  &  Santa 

Fe  Ry.  Co.,  To-eka,  Kan. 
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MAHL,  Fred  W.  (Junior,  1892),  Union  Pacific  System  and  Southern  Pacific 
Co.,  135  Adams  St.,  Chicago,  III. 

MORGAN,  John  R.  (1901),  10227  S.  Wood  St.,  Chicago,  111. 

MURRAY,  Henry  H.  (1899;  1905),  Ch.  Draftsman,  Victor  Talking  Mch.  Co., 
Camden,  and /or  mail,  406  Lippincott  Ave.,  Riverton,  N.  J. 

MYERS,  Curtis  Clark  (Junior,  1905),  Shop  Coordinator,  Univ.  of  Cincinnati, 
Cincinnati,  O. 

O'KEEFE,  James  G.  (Junior,  1907),  Cadet  Engr.,  Pub.  Service  Corp.  of  N.  J., 
and /or  mail,  925  S.  16th  St.,  Newark,  N.  J. 

OLIVER,  E.  C.  (Junior,  1902),  519  Cass  Ave.,  Detroit,  Mich. 

PINNER,  Seymour  Wm.  (Junior,  1909),  Instr.,  Univ.  of  Mich.,  Ann  Arbor,  Mich. 

RHOADS,  George  Elwood  (Junior,  1906),  Inspr.  Tests  Dept.,  Penn.  R.  R.,  12th 
Ave.  and  r2th  St.,  and /or  mail,  1320  20th  Ave.,  Altoona,  Pa. 

ROBINSON,  Edward  (1891;  1902),  Prof,  of  Mech.  Engrg.,  Univ.  of  Vt.,  and /or 
mail,  25  Colchester  Ave.,  Burlington,  Vt. 

ROGERS,  Robert  W.  (Junior,  1908),  Erie  R.  R.,  and /or  mail,  216  Walnut  St., 
Meadville,  Pa. 

ROSE,  William  Holladay  (Junior,  1901),  present  address  unknown. 

ROWLEY,  Harry  Wm.  (1896),  Allis-Chalmers  Co.,  912  Evans  Bldg.,  Washington. 

SAR  VANT,  Wilbur  Nason  (Junior,  1907),  16  Verona  PL,  Brooklyn,  N.  Y. 

SERGEANT,  Chas.  H.  (1895),  525  W.  138th  St.,  New  York,  N.  Y. 

SLAUSON,  Harold  W.  (Junior,  1908),  Asso.  Tech.  Press  Bureau,  25  W.  42d  St., 
Lock  Box  27,  Times  Sq.  Sta.,  New  York,  and/or  mail,  208  Bay  22d  St.,  Brook- 
lyn, N.  Y. 

SMITH,  William  E.  (Junior,  1908),  Babcock  &  Wilcox  Co.,  Barberton,  O. 

SPEER,  Chas.  Henry  (Associate,  1907),  Asst.  Engr.,  Algoma  Steel  Co.  Ltd., 
Sault  Ste.  Marie,  Ontario,  Canada. 

STOUGHTON,  Edwin  R.  (Associate,  1907),  Baird  &  West,  149  Jefferson  Ave., 
Detroit,  Mich. 

TAGGE,  Arthur  C.  (1901),  Engr.,  Internatl.  Portland  Cement  Co.,  Ottawa,  Ont. 

THOMAS,  Jay  G.  (Junior,  1906),  Draftsman,  Westinghouse  Mch.  Co.,  E.  Pitts- 
burg, and /or  mail,  500  ElUcott  St.,  Wilkinsburg,  Pa. 

VAN  DEINSE,  A.  F.  (Junior,  1905),  Westinghouse  Elec.  Co.,  and  for  mail, 
123  San  Francisco  St.,  El  Paso,  Texas. 

VINCENT,  Jesse  Gurney  (Associate,  1908),  Supt.  of  Inventions,  Burroughs  Add- 
ing Mch.  Co.,  and /or  mail,  301  Addison  Apts.,  Detroit,  Mich. 

VON  GOEBEN,  Carl  (1899),  Engr.  and  Contr.,  140  Cedar  St.,  New  York,  N.  Y., 
and /or  mail,  34  Irving  St.,  Montclair,  N.  J. 

WATSON,  Herbert  L.  (Junior,  1907),  Sales  Engr.,  AlUs-Chalmers  Co.,  50  Congress 
St.,  Boston,  Mass. 

WIDDICOMBE,  R.  A.  (1898;  1906),  V.  P.  and  Mgr.,  Dixon  Steam  System  Co., 
First  Natl.  Bank  Bldg.,  and /or  mail,  5552  Lakewood  Ave.,  Chicago,  111. 

DEATHS 
BLAIR,  Archibald  W.  BRIGGS,  T.  Hallett  HOE,  Robert. 

NEW  MEMBERS 

GOODWIN,  Frank  (1908),  Loco.  Supt.,  Rajputana-Malwa  Ry.,  Ajmer,  India. 
McGwire,  Charles  H.  (1909),  U.  S.  P.  O.,  Atlanta,  Ga. 


G.AS  POWER  SECTION 
CHANGES  OF  ADDRESS 

ANDERSON,  Harry  Warfield  (1909),  103  Candler  Bldg.,  and /or  mail,  Owens 

Apts.,  5  E.  3d  St.,  Atlanta,  Ga. 
OESTERREICHER,  Sandor  Ignatius  (Affiliate,   1908),  Elec.  Draftsman,  823 

Mt.  Prospect  Ave.,  Newark,  N.  J.    . 
ROBINSON,  Edward  (1908),  Prof.  Mech.  Engrg.,  Univ.  of  Vt.,  and /or  mail,  25 

Colchester  Ave.,  Burlington,  Vt. 
ROWLEY,  Harry  Wm.  (1909),  AUis-Chalmers  Co.,  912  Evans  Bldg.,  Washington, 

D.  C. 

NEW  MEMBERS 

HAMPTON,  Wm.  M.  (AffiUate,  1909),  Supt.  Gas  Engs.,  Indiana  Steel  Co.,  and 

far  mail,  P.  O.  Box  208,  Gary,  Ind. 
MALLON,  Michael  F.  (Affiliate,  1909),  Ch.  Engr.,  N.  Y.  Div.,  Swift  &  Co.,  625 

Brook  Ave.  and  604  Tinton  Ave.,  New  York,  N.  Y. 
QUINN,  Stephen  (AffiUate,  1909),  Asst.  Supt.,  Gas  Eng.  Dept.,  Indiana  Steel  Co., 

and /or  mail,  P.  O.  Box  636,  Gary,  Ind. 
WIGTEL,  Carl  (AffiUate,  1909),  Ch.  Engr.,  W^atson-StiUman  Co.,  50  Church  St., 

New  York,  N.  Y. 

STUDENT  MEMBERS 

CHANGES  OF  ADDRESS 

BRAGAW,  Richard  (Student,  1909),  838  Willett  St.,  Jamaica,  N.  Y. 
HIGGINS,  Warren  S.  (Student,  1909),  9  Prospect  Park  W.,  Brooklyn,  N.  Y. 
HOLLENBERGER,  Theo.  J.  (Student,  1909),  4433  N.  PauUna  St.,  Chicago,  111. 
WOODWARD,  George  W.  (Student.  1909),  494  Main  St.,  Worcester,  Mass. 


COMING  MEETINGS 

October  and  November 

Secretaries  or  members  of  societies  whose  meetings  are  of  interest  to  engineers  are  invited 
to  send  in  tlieir  notices  for  publication  in  this  department.  Such  notices  should  be  in  the 
editor's  hands  by  the  18th  of  the  month  preceding  the  meeting. 

ALABAMA  LIGHT  AND  TRACTION  ASSOCIATION 

November  15,  16,  annual  convention,  Birmingham.     Secy.,  Lloyd  Lyon,  158 

Government  St.,  Mobile. 
APPALACHIAN  ENGINEERING  ASSOCIATION 

November  5,  6,  Washington,  D.C.     Secy.,  H.  M.  Payne,  Morgantown,  W. 

Va. 
AMERICAN  CIVIC  ASSOCIATION 

November  15-19,  Cincinnati,  O.     Secy.,  Richard  B.  Watrous,  Harrisburg, 

Pa. 
AMERICAN  GAS  INSTITUTE 

October  20-22,  Hotel  Pontchartrain,  Detroit,  Mich.     Secy.,  A.  B.  Beadle, 

25  West  39th  St.,  N.  Y. 
AMERICAN  RAILWAY  ASSOCIATION 

November  17,  annual  meeting,  Chicago,  111.     Secy.,  W.  F.  Allen,  24  Park 

PL,  New  York. 
AMERICAN  RAILWAY  BRIDGE  AND  BUILDING  ASSOCIATION 

October  19-21,  annual  convention,  Jacksonville,  Fla.     Secy.,  S.  F.  Patter- 
son, Boston  &  Maine  Ry.,  Concord,  N.  H. 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

October  20,  Paper:     Characteristics  of  Modern  Hydraulic  Turbines,  Chester 

W.  Larner.     Secy.,  Chas.  W.  Hunt,  220  W.  57th  St.,  New  York. 
THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

October  16,  Engineers'  Club,  St.   Louis,  Mo.;  October  20,  Chipman  Hall, 

Boston,   Mass.;   November  9,  29  W.  .39th  St.,  New  York.     December  7-10, 

annual  meeting.  New  York.     Secy.,  C.  W.Rice,  29  W.  39th  St.,  New  York. 
AMERICAN  SOCIETY  OF  MUNICIPAL  IMPROVEMENTS 

November  9-11,  annual  meeting,  ■  Little  Rock,   Ark.     Secy.,   A.   Prescott 

Folwell,  239  W.  39th  St.,  New  York. 
AMERICAN  SOCIETY  OF  REFRIGERATING  ENGINEERS 

October  18,  19,  Stratford  Hotel,  Chicago,  111.    Secy.,  W.  H.  Ross,  154  Nassau 

St.,  New  York. 
BROOKLYN  ENGINEERS'  CLUB 

October  21,  Paper:     Reinforcetl  Concrete  as  Apphed  to  Piles  and  Cross  Ties, 

Alex  C.  Chenoweth;  October  28,  The  Reconstruction  of  the  Hanson  Place 

Sewer  at  Flatbush  Ave.;  November  4,  Laboratory  Tests  of  Materials  for 

Coating  Steel  Pipe,   by  Melville  C.  Whipple.     Secy.  Joseph  St  radian,   117 

Remsen  St.,  Brooklyn,  N.  Y. 
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CENTRAL  RAILWAY  CLUB 

November  12,  Hotel  Iroquois,  Buffalo,  N.  Y.,  8  p.m.  Paper:  Application 
of  Electricity  to  the  Movement  of  Freight,  G.  H.  Condict.  Secy.,  H.  D. 
Vought. 

CENTRAL  RAILWAY  AND  ENGINEERING  CLUB  OF  CANADA 

October  19,  November  16,  Prince  George  Hotel,  Toronto,  Ont.  Papers: 
Care  and  Maintenance  of  Elevators,  J.  Shales;  Gas  Engines,  their  Origin  and 
Commercial  Use,  G.  M.  Henderson.     Secy.,  C.  L.  Worth,  Union  Sta. 

EMPIRE  STATE  GAS  AND  ELECTRIC  ASSOCIATION 

November  17,  18,  29  W.  39th  St.,  New  York.     Secy.,  C.  H.  B.  Chapin. 

ENGINEERS'  CLUB  OF  TORONTO 

October  21,  8  p.m.,  96  King  St.  W.  Paper:  The  Air  as  a  Medium  of  Trans- 
portation, J.  F.  d'Almeida.     Secy.,  R.  B.  Wolsey,  25  Lowther  Ave. 

MODERN  SCIENCE  CLUB 

October  19,  125  S.  Elliott  PL,  Brooklyn,  N.  Y.  Paper:  Air  Compressors, 
S.  B.  Redfield.  Octolser  26.  Paper,  Power,  F.  L.  Johnson.  Secy.,  J.  A. 
Donnelly. 

NATIONAL  MUNICIPAL  LEAGUE 

November  15-18,  Cincinnati,  O.  Secy.,  C.  R.  Woodruff,  121  S.  Broad  St., 
Philadelphia,  Pa. 

NEW  YORK  RAILROAD  CLUB 

November  19,  annual  meeting,  29  W.  39th  St.  Secy.,  H.  D'.  Vought,  95 
Liberty  St. 

OHIO  SOCIETY  MECHANICAL,  ELECTRICAL  &  STEAM  ENGINEERS 
November  19,  20,  main  annual  meeting,  Lima,  O.     Secy.,  David  Gaehr, 
Schofield  Bldg.,  Cleveland. 

RAILWAY  CLUB  OF  PITTSBURG 

October  22,  annual  meeting,  Monongahela  House.  Secy.,  J.  D.  Mcllwain, 
care  P.  &  L.  E.  R.  R. 

RICHMOND  RAILROAD  CLUB 

IM     November  8,  annual  meeting.     Secy.,  F.  O.  Robinson. 

SOCIETY  OF  NAVAL  ARCHITECTS  AND  MARINE  ENGINEERS 

November  18-19,  annual  meeting,  29  W.  39th  St.,  New  York.  Secy.,  W. 
H.  Baxter. 

SOUTHERN  AND  SOUTHWESTERN  RAILWAY  CLUB 

November  18,  annual  meeting,  Candler  Bldg.,  Atlanta,  Ga.  Papers  on  Oil 
Lamps,  Front-End  Arrangements,  Draft-Rigging.  Secy.,  A.  J.  Merrill,  218 
Prudential  Bldg. 

WESTERN  ASSOCIATION  OF  ELECTRICAL  INSPECTORS 
October  26-28^  annual  meeting,  Detroit,  Mich. 

WESTERN  SOCIETY  OF  ENGINEERS 

October  20,  November  3,  20,  1735  Monadnock  Blk.,  Chicago,  111.  Papers: 
Hydraulic  Mining  of  Auriferous  Gravels,  J.  W.  PhilHps;  Loss  of  Heat  through 
Furnace  Walls,  W.  T.  Ray,  Henry  Kresinger;  The  Panama  Railroad,  Ralph 
Budd. 
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MEETINGS  TO  BE  HELD  IN  THE  ENGINEERING  BUILDING 

Date  Society  Secretary  Time 

October 

15  New  York  Railroad  Club H.  D.  Vought   8.15 

19         New  York  Telephone  Society T.  H.  Lawrence 8.00 

27         Municipal  Engineers  of  City  of  New  York  .  C.  D.  Pollock 8.15 

November 

3  Wireless  Institute S.  L.  Williams 7.30 

4  Blue  Room  Engineering  Society W.  D.  Sprague 8.00 

5  Explorers'  Club H.  C.  Walsh 8.30 

6  Amer.  Soc.  Hungarian  Engrs.  and  Archts  Z.  deNemeth 8.30 

9         The  American  Society  of  Mech.  Engrs  .  .  .Calvin  W   Rice 8.00 

11  Illuminating  Engineering  Society P.  S.  Millar 8.00 

12  American  Institute  of  Electrical  Engrs. .  .  .R.  W.  Pope 8.00 

16  New  York  Telephone  Society T.  H.  Lawrence 8.00 

17-18  Empii-e  State  Gas  and  Electric  Asso C.   H.   B.   Chapin All  day 

18-19  Naval  Architects  and  Marine  Engrs W.  H.  Baxter All  day 

19         New  York  Railroad  Club H.  D.  Vought 8.15 

24         Municipal  Engineers  of  City  of  New  York  .C.  D.  Pollock 8.15 


OFFICERS  AND  COUNCIL 

PRESIDENT 
Jesse  M.  Smith  New  York 

VICE-PRESIDENTS 

L.  P.  Breckenridge Urbana,  111. 

Fred  J.  Miller Center  Bridge,  Pa. 

Arthur  West   E.  Pittsburg,  Pa. 

Tenns  expire  at  Annual  Meeting  of  1909 

Geo.  M.  Bond  Hartford,  Conn. 

R.  C.  Carpenter  Ithaca,  N.  Y. 

F.  M.  Whyte  New  York 

Terms  expire  at  Annual  Meeting  of  1910 

PAST  PRESIDENTS 

Members  of  the  Council  for  1909 

Ambrose    Swasey    Cleveland,  O- 

John  R.  Freeman    Providence,  R.  I. 

Frederick  W.  Taylor    Philadelphia,   Pa. 

F.  R.  Hutton New  York 

M.  L.  Holman   St.  Louis,  Mo. 

MANAGERS 

G.  M.  Basford   New  York 

A.  J.  Caldwell^ ■ Newburg,  N.  Y. 

A.  L.  RiKER   Bridgeport,  Conn. 

Terms  expire  at  Annual  Meeting  of  1909 

Wm.  L.  Abbott   Chicago,  111. 

Alex.  C.  Humphreys   New  York 

Henry  G.  Stott New  Rochelle,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1910 

H.  L.  Gantt   New  York 

I.  E.  MouLTROP    Boston,  Mass. 

W.   J.   Sando    Milwaukee,   Wis. 

Terms  expire  at  Annual  Meeting  of  1911 

TREASURER 
William  H.  Wiley   New  York 

HONORARY  SECRETARY 
F.  R.  Hutton    New  York 

CHAIRMAN  OF  THE  FINANCE  COMMITTEE 
Arthur   M.   Waitt    New  York 

SECRETARY 
Calvin  W.  Rice  29  West  39th  Street,  New  York 

'Deceased. 
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EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


Jesse  M.  Smith,  Chairman 
Alex.  C.  Humphreys 


F.    R.    HUTTON 

Fred  J.  Miller 


F.  M.  Whytb 


STANDING  COMMITTEES 

FINANCE 


Arthur  M.  Waitt  (1),  Chairman 
Edward  F.  Schnuck  (2) 

Waldo  H.  Marshall  (5) 


Geo.  J.  Roberts  (3) 
Robert  M.  Dixon  (4) 


HOUSE 
Henry  S.  Loud  (1)  Chairman 
William  Carter  Dickerman  (2) 

Edward  Van  Winkle  (5) 


Bern.uid  V.  Swenson  (3) 
Francis  Blossom  (4) 


LIBRARY 
John  W.  Lieb,  Jr.  (4),  Chairman 
H.  H.  SUPLEE  (1) 

Chas.  L.  Clarke  (5) 


Ambrose  Swasey  (2) 
Leonard  Waldo  (3) 


MEETINGS 
Willis  E.  Hall  (1),  Chairman 
Wm.  H.  Bryan  (2) 

H.  DE  B.  Parsons  (5) 


L.  R.  POMEROY  (3) 

Charles  E.  Lucke  (4) 


MEMBERSHIP 

Henry  D.  Hibbard  (1),  Chairman 
Charles  R.  Richards  (2) 

HosEA  Webster  (5) 


Francis  H.  Stillman  (3) 
George  J.  FoR.usr  (4) 


PUBLICATION 

Arthur  L.  Williston  (1),  Chairman 
D.  S.  Jacobus  (2) 

Geo.  I.  RocKwooD  (5) 


H.  F.  J.  Porter  (3) 
H.  W.  Spangler  (4) 


RESEARCH 
W.  F.  M.  Goss  (5),  Chairman 
Jas.  Christie  (1) 

Chas.  B.  Dudley  (4) 


R.  C.  Carpenter  (2) 
R.  H.  Rice  (3) 


Note. — Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  yet 
to  serve. 
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SPECIAL  COMMITTEES 
1909 

On  a  Standard  Tonnage  Basis  for  Refrigeration 


D.  S.  Jacobus 
A.  P.  Trautwein 


John  E.  Sweet 


E.  F.  Miller 

On  Society  History 

Chas.  Wallace  Hunt 


On  Constitidion  and  By-Laws 
Chas.  Wallace  Hunt,  Chairman 
G.  M.  Basford 

Jesse  M.  Smith 

On  Conservation  of  Natural  Resources 
Geo.  F.  Swain,  Chairman 
Charles  Whiting  Baker 

Calvin  W.  Rice 


G.  T.  Voorhees 
Philip  De  C.  Ball 


H.  H.  SUPLBE 


F.   R.   HUTTON 

D.  S.  Jacobus 


L.  D.  Burlingame 

M.   L.   HOLMAN 


On  International  Standard  for  Pipe  Threads 
E.  M.  Herr,  Chairman  Geo.  M.  Bond 

William  J.  Baldwin  Stanley  G.  Flagg,  Jr 


On  Thurston  Memorial 
Alex.  C.  Humphreys,  Chairman 
R.  C.  Carpenter 

Fred  J.  Miller 


Geo.  W.  Melville 


On  Hudson-Fulton  Celebration 
Jesse  M.  Smith 


Chas.  Wallace  Hunt 
J.  W.  LiEB,  Jr. 


M.   L.   HoLMAN 


On  Standards  for  Involute  Gears 
Wilfred  Lewis,  Chairman 
Hugo  Bilgram 

Gaetano  Lanza 

On  Power  Tests 

L.   P.  Breckenridge 
William  Kent 
Charles  E.  Lucke 


D.  S.  Jacobus,  Chairman 
Edward  T.  Adams 
George  H.  Barrus 


Fred  J.  Miller 


On  Land  and  Building  Fund 

R.    C.    McKlNNBY 
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E.  R.  Fellows 
C.  R.  Gabriel 


Edward  F.  Miller 

Arthur  West 

Albert  C.  Wood 

James  M.  Dodge 


SOCIETY  REPRESENTATIVES 
1909 

On  John  Fritz  Medal 
Henry  R.  Towne  (1)  F.  R.  Hutton  (3) 

Ambrose  Swaset  (2)  Chas.  Wallace  Hunt  (4) 

On  Board  of  Trustees  United  Engineering  Societies  Building 

Chas.  Wallace  Hunt  (1)  F.  R.  Hutton  (2) 

Fred  J.  Miller  (3) 

On  Library  Conference  Committee 
J.  W.  Lieb,  Jr.,  Chairman  of  the  Library  Committee  of  The  Am.  Soc.  M.  E. 

On  National  Fire  Protection  Association 
John  R.  Freeman  Ira  H.  Woolson 

On  Joint  Committee  on  Engineering  Education 
Alex.  C.  Humphreys  F.  W.  Taylor 

On  Government  Advisory  Board  on  Fuels  and  Structural  Materials 

Geo.  H.  Barrus  P.  W.  Gates 

W.  F.  M.  Goss 

On  Advisory  Board  National  Conservation  Commission 

Geo.  F.  Swain  John  R.  Freeman 

Chas.  T.  Main 

On  Council  of  American  Association  for  the  Advancement  of  Science 
Alex.  C.  Humphreys  Fred  J.  Miller 


Note. — Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  yet 
to  serve. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 

1909 

CHAIRMAN 
F.   R.   Low 

SECRETARY 
Geo.  a.   Orrok 

GAS  POWER  EXECUTIVE  COMMITTEE 
F.  H.  Stillaian,  Chairman  G.  I.  Rockwood 

F.  R.  HUTTON  H.  H.  SUPLEE 

R.  H.  Fernald 

GAS  POWER  MEMBERSHIP  COMMITTEE 
Robert  T.  Lozier,  Chairman  D.  B.  Rushmore 

Albert  A.  Gary  A.  F.  Stillman 

H.  V.  O.  Goes  G.  M.  S.  Tait 

A.  E.  Johnson  George  W.  Whyte 

F.  S.  King  S.  S.  Wyer 

GAS  POWER  MEETINGS  COMMITTEE 
Cecil  P.  Poole,  Chairman  E.  S.  McClelland 

R.  T.  Kent  C.  T.  Wilkinson  C.  W.  Obert 

GAS  POWER  LITERATURE  COMMITTEE 

C.  H.  Benjamin,  Chairman  L.  N.  Ludy 

H.  R.  Cobleigh  L.  S.  Marks 

G.  D.  CoNLEE  T.  M.  Phetteplace 
R.  S.  DE  MiTKIEWICZ  G.  J.  Rathbun 
H.  T.  Eddy  W.  Rautenstrauch 
L.  V.  Goebbels  A.  J.  Wood                                     S.  A.  Reeve 

GAS  POWER  INSTALLATIONS  COMMITTEE 
J.  R.  Bibbins,  Chairman  A.  Bement 

L.  B.  Lent 

GAS  POWER  PLANT  OPERATIONS  COMMITTEE 
1.  E.  Moultrop,  Chairman     H.  J.  K.  Freyn  V.  E.  McMullen 

W.  H.  Blauvelt  N.  T.  Harrington  C.  H.  Parker 

V.  Z.  Caracristi  J.  B.  Klumpp  J.  P.  Sparrow 

E.  P,  Coleman  G.  L.  Knight  A.  B.  Steen 

C.  J.  Davidson  J.  L.  Lyon  F.  W.  Walker 

W.  T.  Donnelly  D.  T.  MacLeod  C.  W.  Whiting 

Paul  Winsor  T.  H.  Yawger 

GAS  POWER  STANDARDIZATION  COMMITTEE 
C.  E.  LucKE,  Chairman  E.  T.  Adams 

Arthur  West  James  D.  Andrew 

J.  R.  Bibbins  H.  F.  Smith 

Louis  C.  Doelling 
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ADVERTISING      SUPPLEMENT 


SECTION    1 


Machine  Shop  Equipment 


Machine   Shop   Equipment       .  -  .  -  .  Section    I 

Power  Plant   Equipment  -----  Section   2 

Hoisting  and  Conveying  Machinery.      Power  Transmission      -  Section   3 

Engineering    Miscellany  -----  Section  4 

Directory   of   Mechanical   Equipment  ...  Section   5 


THE   WARNER   &    SWASEY    COMPANY 
NEW  YORK  CLEVELAND 


CHICAGO 


No    3  Hollow  Hexagon  Turret   Lathe. 

The  cut  shows  the  new  model  No.  3  Hollow  Hexagon  Turret  Lathe. 
They  are  powerful  and  rigid,  convenient  in  operation,  and  their  product 
is  turned  out  with  great  accuracy  and  economy.  Our  catalog  gives  the 
details.      It  will  be  seru  on  request. 


THE  POND  RIGID      r>  TURRET  LATHE 


Driven  by  a  very  wide  single  pulley  or  direct  connected 
motor.  SO  to  150  per  cent  increase  in  production  of  such 
work  as  gear  blanks,  fly  wheels,  gas  engine  cylinders,  etc. 
Two  sizes,  21-inch  and  28-inch.  Turret  controlled 
entirely  by  power  or  by  hand.  Write  for  illustrated  cir- 
cular "The  Pond  Rigid  Turret  Lathe:' 


NILES=BEMENT=POND  CO., 


Ill   BROADWAY 
NEW  YORK 


EXTRACTS  FROM  THE  BOOK  OF  THE 


=ac 


JONES  &  LAMSON 

Springfield,  V,.,    U.  S.  A.;  97  Queen   Victoria   S...  London,   England 


HARTNESS     FLAT  TURRET   LATHE 


1  Ik-sc  thifi.-  views  oi  the  (.hasiii^  lool  show  its  use  tor  three 
>.ll^Fel■elU  kiiulsof  \\\>rk.  In  the  top  pietiiie  on  opposite  pauc  it  is 
cuttiiio  ;ui  inside  serew  threiul  and  the  lower  cut  illustrates  the  tool 
in  position  tor  ehasino  an  outside  thread. 

Cof^ifs  of  the  hook  of  the  Hartnes!  FLtt  Turret  Lathe  sent  on  re,/,u-jt. 

MACHINE  COMPANY 

11'    V^T.Vri'7'f"/"''''"'*'  ■^^'^^'Sium,  SwhzeihuKl   aiul   Au^^nia-IIuns;:., v:    M.  Kovemami   Chailotioiwtrasse 


HERE  IS  THE 

STORY  OF 


Trade 


C 


Mark 


REGISTERED 


Beware  of 
Imitations 


NICHOLS  TAP  AND 

REAMER  WRENCH 

Never  Loosens  its  Grip, 

as  the  Handle  does  not 

Rotate.      Years  on 

the  Market,  and 

Superior   To 

All  Others 


THAT'S  ALL! 

THE  J.  M.  CARPENTER 

TAP  &  DIE  COMPANY 

PAWTUCKET,  R.   I.,    U.  S.  A 


Improved  Adjustable  Jaw=Bases 


Pi'  R^        a 

This  new  cut,  here  first  published,  shows  our  Patent  Convert- 
ible 2  and  3  Jaw  Heavy  Pattern  Turret  Lathe  Chucks  and  the 
new  Patent  Independently  Adjustable  Jaw-Bases,  which  may  be 
inserted  interchangeably  in  Chucks  of  this  type,  when  desired, 
in  place  of  the  regular  forms  of  Jaws 

FULL  PARTICULARS  AND  PRICES  UPON  INQUIRY 

THE  D.  E.  WHITON  MACHINE  CO.,  New  London,  Conn., U.S. A. 


The  Stmdard Tool  Cos 

'STANTOOL"  SHORT  TAPER  SHANK  WITH  HEAVY  TANG 


Will  positively  overcome  all   tang  troubles. 
Ask  for  Circular 

3L*  Cleveland,  O.,  and  94  Reade  St.,  New  York  (J^ 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


Morse  Twist  Drill  and  Machine  Co. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 


MAKERS   OF 

Arbors,  Chucks,  Counterbores,  Countersinks,  Cutters,  Dies, 
Drills,  Gauges,  Machines,  Mandrels,  Mills,  Reamers,  Screw 
Plates,  Sleeves,  Sockets,  Taps,  Taper  Pins  and  Wrenches 

WE    BUILD    A  COMPLETE   LINE  OF   NEW  AND    UP-TO-DATE 

BOLT  AND  NUT 

MACHINERY 


Including  ... 

Bolt  Cutters  (threaders),  Bolt  and  Rivet 
Headers,  Upsetting  and  Forging  Machines, 
Hot  Pressed  Nut  Machines,  Nut  Tappers, 
Washer  Machines,  Wire  Nail  Machines 
and  Lag  Screw  Gimlet  Pointers 


NATIONALMACHINERYfb) 
TIFFIN.OHIO.U.S.A.  \j  J 


ERRINGTON  TAPPING  CHUCK 


41  Cortlandt  St.,  New  York 


DRILLS.  TAPS  AND  STUDS 


TAPS  STEEL  as  Safely  as  Cast  Iron 

The  Adjustable  Friction  Regulates  the  Power  of  the! 
Machine  to  JUST  Drive,  but  Cannot  BREAK  the  Tool  or^ 


Injure  the  Work 


No.  00  Taps  to    i 
No.    0  ■ 


Friction  Se!f°Ceatering  Tap^^Holder  for  Turret  Lathe. 


Worcester  Drawing  Stands 

are  recommended  by  users 
as  mechanically  perfect 

Adjustable  to  any  angle  and  height. 

Shelf  with  drawer  always  remains  level 

Made  in 

THE   WASHBURN   SHOPS 

of  the 

Worcester  Polytechnic  Institute 

WORCESTER,  MASS. 


NEWARK 


GEAR  CUTTING  MACHINE  CO. 

66  UNION  ST.,  NEWARK    N.  J.,  U.  S.  A. 

AUTOMATIC   GEAR    CUTTING     MACHINES 

GEARS  AND   GEAR  CUTTING 

HENRY  E.   EBERHARDT, 

President 
HENRY  J.    EBERHARDT,  FRANK  E.    EBERHARDT 

Secretary  Treasurer 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT  CHESTER.   N.  Y. 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works  at  Rock   Falls,    III. 


ADVERTISING     SUPPLEMENT 


SECTION  2 


Power  Plant  Equipment 


Machine   Shop  Equipment      -  ...  -  Section  1 

Power  Plant   Equipment  -  .  .  .  .  Section  2 

Hoisting   and  Conveying   Machinery.      Power  Transmission   -  Section  3 

Engineering   Miscellany  -  .  .  .  .  Section  4 

Directory   of   Mechanical   Equipment  ...  Section  5 


CORLISS,  WIS.,  U.  S.  A. 

U.  S.  GOV'T,  NAVY  DEPT.— 1000  Mile  Comparative  Steaming  Test. 

U.  S.  S.  Birmingham  (Reciprocating  Engines)  30  tons  coal  per  hour. 
"        Chester  (Parsons  Turbines)         -         40        "  " 

"        Salem  (Curtis  Turbines)        -  -     49        "  " 

The  Turbines  took  33J%  and  63^%  more  fuel  than  the  engines. 

The  Navy  Department  is  operating  five  Wisconsin  Engines. 


MASON    • 

REDUCING  V\LVES 


reduce  and  maintain  an  even  pressure  of 
steam,  air  or  water,  regardless  of  ctianges 
in  the  Initial  pressure.  Can  be  set  for 
any  pressure  by  turning  a  key  and  do  not 
have  to  be  locked — the  engineer  retains  the 
key.    They  are  absolutely  accurate. 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS.,  U.  S.A  . 


IMMUNE   TO   the    evils    of    EXPANSION 


^mr 


HAS 


PROVED 


% 


ITS 


SUPERIOR  COMPARATIVE  MERITS 

FOR 

BOILER  BLOW-OFF,  ETC. 


BECAUSE    IT 


WRITE    FOR    BOOKLET 


meets    requirements    perfectly 
without    repairs    or    complaint 

SPECIFIED  AND  USED  BY  l^c'&\'Sm!im, 

JOHN  SIMMONS  CO.,  no  centre  si.,  New  York.  N.  Y. 


FOOS   PRODUCER   GAS    ENGINES 


FOR 

ELECTRIC  LIGHT 

AND 

POWER  PLANTS 

OP  ALL  KINDS. 


Vertical  Multiple  Cylinder 

Engines 

20  H.  P.  to  250  H.  P. 

Many  successful  producer 

gas  power  plants  in 

operation. 

Write  for  our 
catalogue  "B." 


JAMES  BEGGS  &  CO.,    109  Liberty  St.,  NEW  YORK 

The   Buckeye   Four -Stroke   Cycle 

GAS  ENGINE 

SINGLE  and  DOUBLE  ACTING 


In  powers  from  50  to  6000  Horses 

Catalogs  on  Application  Free  from  Complications 

BUCKEYE  ENGINE  CO.,  Salem,  Ohio 


Nash  Gas  Engines 

and  Producers 

are  simple,  economical  and  reliable,  and 
have  demonstrated  their  superiority  in 
service. 

Simple,  because  they  are  cap- 
able of  running  at  their  rated 
load  for  ten  consecutive  hours  on 
one  charge  of  fuel. 

Economical,  because  the  fuel 
consumption  is  but  one  pound  of 
coal  per  B.H.P.  hour. 

Reliable,  because  they're  Nash. 
WE  MANUFACTURE  A  COMPLETEXINE  OF  WATER  METERS  Y'lO  60' 

National  Meter  Co. 

NEW  YORK  CHICAGO  BOSTON 


WARREN    VERTICAL  AND    TANDEM    GAS 
ENGINES  AND  SUCTION  GAS  PRODUCERS 

POINTS  OF    MERIT 

Heavy  overload  capacity.     Close  regulation.      Positive  lubrication 

Positive  circulation  of  cooling  water.     No  joints  between 

combustion    chamber    and    water   jackets 

All  valve  cages  removable 

The   most  reliable  and  economical  motive  power  obtainable 
Ask  your  consulting  engineer  to  investigate 

Warren,  Pa. 

Pittsburg 
310  House  Building 


STRUTHERS-WELLS    CO., 


New  Yoric 
SO  Church  Street 


Boston 
lO    P.  O    Square 


MURRAY    WATER    TUBE    BOILER 

BEST  IN  DESIGN,  WORKMANSHIP  AND  MATERIAL 


Incorporated  Feb.  I.   1870 


MURRAY  IRON  WORKS  CO. 

BURLINGTON,  IOWA 


Economy  in  investment,  attention,  steam  and 
repairs,  results  from  the  purchase  of  a  Ridgway 
Direct-Connected  Unit.       Particulars  ?      Ask. 


Ridgway    Dynamo   &  Engine  Co. 


Ridgway,  Penna. 
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The  Erwood  Swing  Gate  Valve 

as  a  Safety  Non=Return  on 
Condenser  and  Heater  Connec= 
tions. 

The  Valve  is  KEPT  CLOSED  at  all  times  by 
means  of  a  spring  of  light  tension,  the 
Swing  Gate  opening  at  each  impulse  of  the 
engine;  but  SHOULD  THE  VACUUM  BE 
LOST,  OR  THE  CONDENSER  OR 
THE  HEATER  BECOME  FLOODED, 
THE  WATER  CANNOT  BACK  UP 
THROUGH  THE  ERW^OOD  VALVE 
INTO  THE  CYLINDER. 

Flooded  Condensers  or  Flooded  Heaters 
are  no  longer  a  menace  if  the 
Erwood  Valve  be  used. 

WALCH  &  WYETH, 

87   Lake  St.  Chicago 

Robb- Mum  ford  Boiler  Co. 

Successors  to 

EDWARD  KENDALL  &  SONS 

CHARLES  RIVER  IRON  WORKS 


Manufacturers  of 

Return  Tubular,  Water  Tube,  internally  fired  and  other 
types  of  Boilers;  Smoke  Stacks,  Tanks,  Etc. 

Works:— SOUTH  FRAMINGHAM,  MASS. 

Sales  Office  New  York  Office 

131  State  St.,  Bostox  90  West  Street 
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NELSON  VALVES 


Mechanically,  the  characteristic 
advantage  of  Nelson  Gate  Valves 
lies  in  the  independent,  tapered, 
double  disc  mechanism,  so  simple 
that  it  cannot  be  wrongly  assembled 
and  yet  so  automatically  flexible  as 
to  provide  conformity  to  any  distor- 
tions caused  by  unavoidable  strains. 


The  practical  advantage  is 
evidenced  in  their  efficient, 
steady  service.  They  save 
expense  by  avoidance  of  costly 
and  troublesome  repairs  and 
by  preventing  waste  of  w^ater, 
steam  and  fuel. 


Each  valve  is  guaranteed  for 
its  rated  service. 


Our  new  1909,  224-page  Valve  Catalogue,  treating 
of  the  most  modern  types  of  Gare,  Globe,  Angle 
and  Check  Valves,  for  Water,  Saturated  or 
Superheated  Steam  and  other  fluids,  for  any 
pressure,  for  any  temperature,  wriil  be  forwarded 
on  request. 


Nelson  Valve  Company 

PHILADELPHIA 


New  York,  Hudson  Terminal  Bldg. 
Chicago,  425  S.  Dearborn  Street 
Pittsburgh,  525  Third  Avenue 
Cleveland,  Perry-Payne  Building 


Detroit,  Penobscot  Building 
Minneapolis,  622  Andrus  Building 
San  Francisco,  Atlas  Building 
Butte,  Mont.,  56  E.  Broadway 
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WHAT  fuel  is  the  handi- 
est and  cheapest  for  you 
to  use?  Whether  it  be  na- 
tural, illuminating  or  pro- 
ducer gas,  gasoline,  alcohol, 
naphtha  or  distillate,  you  can 
use  it  with  greatest  economy 
and  efficiency  in 

Du  Bois  Gas  and  Gasoline  Engines 

Catalog  "P"  describes  our  line  (5  to  S75  H.P.),  nuhich  also  includes  Producer 
Gas  Plants  and  Engines. 

DU  BOIS  IRON  WORKS,     sie  Brady  St.,  du  bois,  pa. 

HEINE   vifftVk"   BOILERS 

and 

SUPERHEATERS 

In   units  of  from  50  to  600   H.  P. 

Heine  Safety  Boiler  Co.,  St.   Louis,    Mo. 

BRANCH    OFFICES 
Boston  New  York  Philadelphia  Pittsburgh  Chicago  New  Orleans 


RIVERSIDE  HEAVY  DUTY  DOUBLE-ACTING  TANDEM  GAS  ENGINE      (CLASS  F) 

Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  service       Built  in  twelve 
types,  seventy-two  different  sizes  from  10  to  2500  H.  P. 

RIVERSIDE    ENGINE    COMPANY  Oil  City,  Pennsylvania 

The  Hooven,  Owens 
Rentschler  Co. 

Manufacturers  of 

Hamilton  Corliss 

Engines 

Hamilton  High  Speed 

Corliss  Engines 

Hamilton  Holzwarth 

"^Steam  Turbines 

Special  Heavy 

Castings 

HAMILTON,  OHIO 
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"THE  CONTROLLING 
ALTITUDE    VALVE" 

maintains  a  uniform   stage  of 

water  in  standpipes,  reservoirs 

or  tanks. 

"WORKS  BOTH  WAYS" 

No  overflow  in  case  of  fire  pres- 
sure. Valves  closed  by  water 
and  electricity 

Valves  up  to  20' 

Golden- Anderson  Valve 

Specialty  Company 

1032  Fulton  BIdg.,  Pittsburg, Pa. 


AUTOMATIC   FLOAT  VALVES 
"SIMPLY   HAVE   NO   EQUAL" 


Angle  or 
Straight    Way 


American  Ball  Angle  Compound  Engine 


represents  the  latest  development  in  practical 
Steam  Engineering,  combining  the  following 
features:  Perfect  balance,  uniform  torque, 
high  economy,  small  floor  space,  smooth, 
quiet  running,  no  dead  centers,  extreme  sim- 
plicity, moderate  cost,  small  foundation  and 
perfect  satisfaction. 

Write  for  our  new  bulletin 

"The  Modem  Automatic  High-Speed  Engine" 


American  Engine  Company 

42  Raritan  Ave.    Bound  Brook,  N  J. 


Saves  Frictional  Wear 

That's  what  Dixon's  Flake  Graphite  does  wherever  it 
is  used.  And  remember  that  it  is  the  wear  that  depre- 
ciates all  machinery.  Dixon's  Flake  Graphite  will 
reduce  this  wear  to  a  minimum  in  every  instance,  relieve 
friction,  prevent  damage  and  repairs  that  result  from 
parts  running  hot.     Write  for  free  sample. 

JOSEPH  DIXON  CRUCIBLE  CO.  Jersey  City,  N.  J. 

HIGH    VACUUM 
APPARATUS 

CONDENSERS 

AIR   PUMPS 

Feed  Water  HEATERS 

Water   Cooling 
TOWERS 
Boiler    Feed   and   Pres- 
sure  PUMPS 

C.  H.  Wheeler  Mfg.  Go. 

PHILADELPHIA 

s'-w  York  Chicago 

San  Francisco 
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OVER  ONE  MILLION 

Genuine  "Detroif'f Sight=feed  Lubricators  in 
service  ali  over  the  World 

Some  one  of  our  451   different   styles  and  sizes  of  sight-feed 
lubricators  will  fill  any  requirement  you  may  have 

THE  GENUINE  "DETROIT" 

Is    simple  and   dependable.     (Look    out   for   substitutes.) 

Detroit  Lubricator  (ompany 

DETROIT,  U.  S.  A. 
FORTHE  HIGHER  THAN  ORDINARY  PRESSURES 

GATE  VALVES 

with  double  disc,  taper  seats  and  central  ball  bearing  de- 
vice are  the  tightest  by  reason  of  their  flexibility  and 
compensating  features,  thus  taking  up  any  possible  dis- 
tortions or  strains,  expansions,  etc. 
Catalogue  explains  merits  of  Construction  and  Operation 

The  KENNEDY  VALVE  MANUFACTURING  CO. 

Elmira,  N.  V.,  and  57  Beekman  St.,  New  York  City 

Agencies  in  Chicago,  San  Francisco,  Portland,  Ore.,  New  Orleans, 
Louisville,  Ky.,  Boston. 

LINDSTROM'S  CORLISS   VALVE  STEAM  TRAP 


[ 


None 
Better 


Simplicity 

Durability 

For  -j    Reliability 

Economy  and 
Emergency 

Write  for  Booklets 


JOHN  T.  LINDSTROM 

214  South  Third  Street 
ALLENTOWN,  PA. 


Albany    Steam    Traps 

are  the  result  of  thirty-five  years  spe- 
cializing in  the  production 
of  Steam  Traps 

Owners  and  Engineers  of  Steam  Plants  are 

requested  to  write  us  for  data 

concerning  the 

SPECIAL  BUCKET  RETURN  TRAP 


ALBANY  STEAM  TRAP  CO., 

Established  1870.        JAMES  H.  BLESSING,  Pres. 


Albany,  N.  Y. 

THOS.  F.  RYAN,  Sec.  and  Treas. 
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THE     ENGINEERING    LIBRARY 

IN   THE 

Engineering  Societies  Building 

29  West  39th  Street,  New  York 


A  free  reference  library  containing  50  000  volumes.  One  of 
the  largest  collections  of  engineering  literature  in  the  world. 
There  are  450  current  technical  journals  and  magazines  on  file 
in  the  reading  room.  All  the  foreign  and  domestic  technical 
periodicals  are  received,  as  well  as  the  proceedings  of  the 
various  engineering  societies  of  the  world.  The  library  con- 
tains many  rare  and  valuable  reference  works  not  readily 
accessible  elsewhere. 


The  Library  contains  the  individual  libraries  of 

The  American  Institute  of  Mining  Engineers 
The  American  Society  of  Mechanical  Engineers 
The  American  Institute  of  Electrical  Engineers 


A  union  catalogue  of  the  serial  publications  of  the  three 
Libraries    is  accessible  to  the  users   of  the   Library 


THE  LIBRARY  IS  OPEN  FROM  9  A.  M.  TO  9  P.  M. 

Librarians  are  in  constant   attendance 
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ADVERTISING     SUPPLEMENT 


SECTION   3 

Hoisting  and  Conveying  Machinery 
Power  Transmission 


Machine   Shop  Equipment       .  .  .  -  ,  Section    1 

Power  Plant   Equipment  -  .  -  .  .  Section  2 

Hoisting   and  Conveying   Machinery.     Power  Transmission  -  Section  3 
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WILL  PAY  FOR  ITSELF 
IN  THREE  MONTHS 

H  An  E.  C.  &  M.  Magnet  will  pay  for  itself  in 
three  months;  this  may  sound  rash  but  when  you 
consider  the  fact  that  one  magnet  will  do  the 
work  of  from  ten  to  fifteen  men  it  means  at  least 
$15.00  a  day  saved. 

TI  Think  this  over;  write  us  your  conditions  and 
present  methods  of  handling  your  rough  and 
finished  product. 

REMEMBER 

Our  magne<s  are  dependable — they  will  lift 
more  and  wear  longer  than  any  competitive 
magnet.     Let  us  prove  it  to  you. 

THE 

ELECTRIC  CONTROLLER  &  MFG.  CO. 

CLEVELAND,  O. 


■'i*>T!i-"''fe..>  „*S.'»-\ 


The  Large  Wearing  Surfaces 

of  the  Triplex  Block 

HE  use  of  a  large  internal  gear  in  the 
Triplex  admits  of  larger  intermediate 
gears  and  pinions  than  could  otherwise  be 
used. 

Main  pinions  in  Triplex  Blocks    have 

twelve    large,    powerful,    well    cut   teeth, 

which  engage  perfectly  with  the  cut  steel 

intermediate  gears. 

When  smaller  gears  are  used,  the  terrific  pressure  on 

small  points   of  contact   causes   rapid   wear  and    swift 

deterioration  of  the  Block. 

The  Triplex  Block  is  made  in  14  sizes,  with  a  lifting  capacity  of 
from  \  to  20  tons.  Other  types  are  the  Duplex:  10  sizes,  +  to  10 
tons.  The  Differential:  7  bizes,  i  to  3  tons.  The  Electric 
Hoist:  10  sizes,  \  to  16  tons.  Y.  &  T.  Blocks  are  carried  in 
stock  by  Hardware,  Machinery  and  Mill  Supply  Dealers. 
Catalog  ivith  interesting  technical  information  on  request. 

The  Yale  &  Towne  Mfg.   Co.,  9Murray  St.,NewYorlc 

DA  8  


Sectional  View  of 
Tripjex  Block  show- 
ing large  internal 
Gear. 
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Clebelantr  Cranes 

are  the  embodiment  of  everything  that  is  dependable 
and  powerful  in  the  making  of  scientific  hoisting 
machinery.  The  most  modern  of  improvements  are 
incorporated  in  their  construction  and  the  resultant 
service  rendered  is  of  the  highest  order. 


Forward  YOUR  JhE  CLEVELAND  CrANE  ft  CftR  Co> 

Specifications.  -x  Wickliffs.Omio.  •^       EMMNOMiMCa. 


Write    for   our 
detailed  catalog. 


THE    J.     M.    DODGE    COMPANY 

NICETOWN,     PHILADELPHIA 

CONTRACTING.  ENGINEERS. 

"The  Dodge  System"   of  Coal   Storage 

Cranes,  Bridge  Tramways,  Telphers  and  other  apparatus  for 
the  Transportation  of  material 

Concrete  and  Steel  Structures 


LINK  CHAIN  BELT  GO'S 

System  of  Elevating 
Conveying  and  Power 
Transmission  Machinery 
Silent  Chain  Drives 
and   Gravity  Roller  Conveyors 

Experts  on  reduction 

of  Factory  Costs 

Write  for  Catalogue  20-E 


NEW  YORK 

Illustration  shows  our  chain  on  several  drives  transmitting  power  from  a  gas  engine  to  a  car  truck. 


THE  KENERSON  POWER  METER 

VXT'E  have  arranged  for  the  manufacture  and  sale  of  a  new,  accurate  and 
eminently  practical  transmission  dynamometer,  The  Kenerson  Power 
Meter.  T[This  meter  does  not  absorb  the  power  to  be  measured,  in  other 
words  is  not  a  friction  brake,  but  measures  without  loss  the  power  transmitted 
through  shafts  or  belts.  TfThe  instrument  is  very  compact,  and  can  be  applied 
in  the  same  space  as  the  ordinary  fiange  shaft  coupling  or  friction  clutch  and 
with  no  more  difficulty. 

BUILDERS  IRON  FOUNDRY        Providence,  R.  I. 
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WE  MAKE  CRANES  OF  ALL  TYPES  UP  TO  150  TONS— We  also  make 

grab  bucket  cranes 
and  hoists  for  coal 
storage  service. 

We  send  bulletins 

describing  same  on 

request. 

You  get  the  most 

Reliable  Cranes  in  the  "NORTHERN." 

NORTHERN  HIGH  GRADE  CRANES. 
NORTHERN  ENGINEERING  WORKS, ^1^1^°'^ 

New  York  Office,    120  Liberty  St.  -  Chicago,  539  Monadnock 
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ELEC-'RIC  AND  HAND  POWER 
ALL   TYPES  AND  CAPACITIES 
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ALFRED    BOX    &    CO. 


Philadelphia.  Pa. 


ALLIANCE    CRANES    All    Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO. 


Alliance.  Ohio 


Pittsburg  OfEre,  Frick  Building. 


Birmintrham  Oflfire,  Woodward  Puildinp 


ELECTRIC  TRAVELERS 
All  Types  for  Every  Service 


COMPLETE  EQUIPMENT 

AND  Cranes  of  All  Kinds  for 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant 
delivered   to   purchasers   ready  to  run. 

Whiting  Foindry  EqiipmemCo. 

Manufacturers,  Engineers,  Designers 
HARVEY,  ILL.  (Chicago,  suburb) 
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FOR  SHORT  DRIVES 

Short  belts,  whether  slow  or  fast,  are  a  source  of  much  trouble.  They  will  not  run  free 
and  easy  for  their  own  weight  will  not  make  them  cling  to  the  pulleys.  If  you  would  pre- 
vent slipping  you  must  therefore  do  so  at  the  expense  of  increased  journal  friction.  This 
means  lost  power  and  added  repair  expense. 

DIAMOND  CHAINS 

convert  these  losses  into  useful  work  and  profit,  for  the  simple  reason  that  they  require  no 
initial  tension.  A  Diamond  Chain  always  runs  with  the  slack  half  free  and  easy.  ALL  the 
pull  on  the  other  half  is  effective  in  maintaining  that  steady  positive  speed  ratio  which  with 
belts  is  an  impossibility.  Diamond  Chain  runs  the  same  day  in  day  out,  regardless  of  tern- 
perature  changes,  dripping  oil  or  the  presence  of  steam.  The  only  attention  necessary  is 
oiling  and  that  preserves  the  chain,'where  with  a  belt  the  application  of  dressing  for  the 
same  purpose  rots  the  leather. 

Try  a  Diamond  Chain  oo  one  drive.  It  may  increase  the  production  of  your  machine  by 
10  or  20  per  cent.,  to  say  nothing  of  the  time  and  labor  saving. 

Ask  for  free  book  on  Chain  Transmission  of  Power. 

DIAMOND   CHAIN    (Si   MFG.    CO. 

239  West  Georgia  St.,  Indianapolis,  Ind. 

Capacity  8,000,000  ft.  per  year. 


THE 

STANDARD 

WIRE 

ROPE 
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Jeffrey 
Conveyers 

and 

Elevators 

are  the  most  satisfactory  and  eco- 
nomical means  of  handling  Bulk 
or  Package  Materials  of  any  kind. 

Send  for  Catalog  K-67. 


We   Build 

Coal  and  Ashes  Handling  Systems 
for  Power  Plants, 

Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples,  Coal  Washeries, 
Locomotives,  Coal  Cutters,  Drills,  etc.    Complete  Coal  Mine  Equipments 

The  Jeffrey  Mf^.  Company 


COLUMBUS,  OHIO 

New  York  Chicago  Boston  Buffalo  St.  Louis 

Denver  Knoxville  Charleston,  W.  Va. 


Pittsburg 

Montreal,  Can. 


CONVEYING 


AND 


POWER-TRANSMISSION 
MACHINERY 

Link-Belt 
Company 


PHILAOELPHIA 


CHICAGO 


INDIANAPOLIS 


Mew  York:  PiTTsaunaH:  3r.  Loois: 

^299  Broadway.     1501-02  Park  Bldg.  Missouri  Trust  Bld^.^ 
Sgattlb:  Denver: 

439-440  N.  Y.  Block.  Lindrooth,  Shubart  &  Co^ 
New  Orleans: 
Wilmot  Machinery  Co. 
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PULLEYS  FOR  ALL  CLASSES  OF  SERVICE 


The  "Independence"  Wood  Split 
Pulley 

Was  the  pioneer  and  for  27  years  has  been 
the  standard  for  pulleys  of  this  type.  Carried 
in  stock  in  all  the  industrial  centers  of  this  and 
foreign  countries.  Ask  for  bulletin  J-77, 
"From  Log  to  Line  Shaft." 


Iron  Spider  Wood  Rim    Pulley 

A  special  pulley  for  special  service.  As  a  main 
receiving  and  driving  pulley,  for  generator, 
dynamo  or  motor,  it  is  w^ithout  a  peer.  Safe 
afid  indestructible.  A  pulley  of  this  type 
safely  sustained  a  rim  travel  of  over  28,000 
feet  per  minute. 


The  "Standard"  Iron  Split  Pulley 

With  interchangeable  bushings  has  all  the 
good  points  and  none  of  the  weaknesses  of 
other  metallic  split  pulleys.  Rim  arms  and 
hub  integral  and  non-flexible,  it  stays  round; 
being  balanced,  it  runs  true;  fastened  to  the 
shaft  by  compression  and  this  fastening  an- 
chored by  two  set  screws— an  exclusive  Dodge 
feature — it  holds  fast.  It  is  carried  in  stock 
by  over  100  machinery  and  supply  dealers. 


Regular  Cast  Iron  Pulleys 

Solid  and  split,  for  single  and  double  belts, 
made  to  order  in  all  sizes.  The  iron  that  goes 
in  the  cupola  is  selected  by  analysis  for  the 
class  of  machinery  to  be  made.  Our  output 
of  Iron  Pulleys  is  so  large  that  a  special  mix- 
ture is  melted  for  them  from  which  toughness 
and  strength  are  secured.  Test  bars  are  made 
from  each  heat  and  we  make,  daily,  a  record 
of  the  analysis. 


DODGE  MFG.  CO.,    Sta.  J=45,    Mishawaka,  Ind 


New  York 
Cincinnati 


Chicago 
Boston 


Philadelphia 
St.  Louis 


PiTTSBORG 

Brooklyn 
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DRY  AIR  vs.   MOIST  AIR 

Ventilation 

It  is  not  a  question  of  whether  or  not  the  textile  mill  is  to  be  ventilated,  but 
HOW  it  will  be  ventilated. 

Practically  all  mills  during  hot  weather  open  the  windows  to  procure  natural 

ventilation  to  assist  in   cooling  their  mills.      This  air  is   dry  and  at  the 

outside  temperature. 

WITH  THE   CARRIER   SYSTEM   all  the  air  for  ventilation  enters  the 

building  through  the  humidifier.     This  air  is  moistened  to  saturation  and  on 

very  hot  days  leaves  the  humidifier  from  14°  to  18"  BELOW  the  outside 

temperature. 

Which  does  the  most  cooling? 
Which  does  the  most  humidifying? 

DRY  AIR  VENTILATION  through  the  windows  brings  in  dirt  and  dust, 
creates  draughts  that  break  the  yarns  and  the  quantity,  being  dependent 
upon  the  atmospheric  conditions,  is  not  easily  controlled. 
MOIST  AIR  VENTILATION  by  the  Carrier  System  thoroughly  cleanses 
the  air,  produces  no  draughts  and  the  quantity  is  controlled  at  the  will  of 
the  operator. 

CARRIER  AIR  CONDITIONINGCO. 

OF  AMERICA  ^^^  ^^^ 

39  Cortlandt  St,,  New  York 


(143-C) 
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UNIVERSAL  ninr 

CASTIRQNI    Ir  L 


Is  Cast  Iron  Pipe  w^ith 
Male  and  Female  Ends 
and  Contact  Surfaces 
machined  on  a  taper 
giving  the  equal  of  a  ground  joint.   By  making  the 

tapers  of  slightly  different  pitch,  the  joint  is  pivotal  at  any  point  in 
its  periphery,  and  the  rigidity  of  "turned  and  bored"  joints  does  not 
obtain — hence  the  name  UNIVERSAL. 

The  sections  are  held  together  by  bolts,  two  bolts  to  a  joint  sufficing  except 
for  extreme  pressures.  The  pipe  can  therefore  be  laid  with  minimum 
labor — and  no  caulking  with  molten  lead,  jute,  etc. 

Universal  Pipe  provides  for  expansion  and  contraction,  vibration,  and 
deflection  due  to  unequal  settlement.  It  affords  a  path  of  such  low  resistance 
for  stray  electrical  currents  that  deterioration  by  electrolysis  is  practically 
eliminated. 

The  result  is  a  pipe  that  does  not  leak  and  continues  not  to  leak.  The 
economy  effected  in  laying  offsets  the  cost  of  machining.  The  saving  through 
eliminated  leakage  and  in  maintenance  is  material.    Write  for  full  particulars. 


Central  Foundry  Company, 


37  WALL  ST. 
NEW  YORK 


-• 
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General  Electric  Company 

Automatic  Motor  Control  Apparatus 

FOR  DIRECT  CURRENT  MOTORS 


For  automatically 
starting  and  stopping 
motor-driven  pumps 
in  order  to  maintain 
a  predetermined  fluid 
level  or  pressure. 


For  starting  motors 
automatically  from 
one  of  several  points 
by  a  small  hand- 
operated   switch. 


CR-120  Self-Starting  Rheostat 

1  to  3  h.  p 1  10  volts 

1   to  5  h.  p __220  volts 

1   to  5h.p 550  volts 

CR-120  Rheostats  for  small  motors  are  operated  by  means  of  tivo 
cores,  actuated  by  a  solenoid.  Action  of  the  first  core  downward  posi- 
tively closes  the  motor  circuit  through  the  starting  resistance.  The 
second  core  is  then  pulled  up,  passing  the  sliding  switch  over  the  switch 
contacts  and  cutting  out  resistance  until  the  motor  is  directly  on  the  line. 

De-energizing  one  of  the  solenoid  windings,  when  the  motor 
attains  normal  speed,  effects  an  appreciable  saving  of  current. 

The  air-dash  pot,  which  regulates  the  rate  of  starting  of  the  motor, 
is  unaffected  by  surrounding  temperatures. 

All  arcing  and  burning  occurs  on  the  auxiliary  switch.  This  elim- 
inates arcing  on  the  rheostat  switch  and  results  in  greater  durability 
of  the  apparatus. 


NEW  YORK  OFFICE 
30  CHURCH  ST. 


PRINCIPAL     OFFICE 
SCHENECTADY,  N.  Y. 


SALES  OFFICES   IN 
ALL  LARGE  CITIES 


The  Jeanesville   Iron   Works  Co. 
hazleton,  pa. 

Builders  of 

High-Grade    Pumping    Machinery 
Direct-Acting,  Fly-Wheel  and  Centrifugal 

for 

Elevator,    Mine    and    Waterworks    Service 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69  N.Jefferson 
Street,  Chicago,  111. 

New  York  Office,  139-41  Cortlandt  Street 


CATALOGUES 

UNDER  THIS  ONE  ROOFWE  HAVE  THE  MEN 
AND  THE  MACHINERY  REQUIRED  FOR 
TURNING  OUT  ONE  KIND  OF  CATALOGUE 
AND    BOOKLET    WORK — THE     BEST 

THE   WAVERLY    PRESS 

WILLIAMS   &  WILKINS    COMPANY 

BALTIMORE,    MD.,  U.  S.  A. 
PRINTERS  BOOKBINDERS 


CALENDARS 

We  issue  an  excep- 
tionally good  office 
calendar  about  March 
1.  We  shall  be  very 
glad  to  furnish  a  copy 
of  sametoanymember 
of  the  A.SIVI.E.  on 
request. 

Send  us  your  name 
and  address  NOW  and 
so  admit  us  to  print  an 
edition  which  will  meet 
the  demand  . 


YEAR    BOOKS 

The  Society  wishes  to  have  a  file  of  year  books  or  catalogues  complete 
since  its  formation.  Will  members  who  have  any  of  the  following 
numbers  either  send  them  to  the  Society  or  correspond  with  the  Secretary 


No.  2,  1881 
No.  3,  1882 
No.   5,   1884 


No.  6,  1885 
No.  7,  1886 
No.   12,    1891,  July 


No.   13,   1892,  July 
No.    14,    1893,  January 
No.    14,    1893,  July 


The  American  Society  of  Mechanical  Engineers 

29  West  39th  Street,   New  York 


ENGINEERING  SCHOOLS  AND  COLLEGES 


CLARKSON 
SCHOOL  OF  TECHNOLOGY 

Thomas  S.  Clarkson  Memorial 
Organized  Under  Charter  of  the  Univer- 
sity OF  THE  State  of  New  York.  Courses  lead- 
ing to  degrees  of  Bachelor  of  Science  in  Chemical, 
Civil,  Electrical  and  Mechanical  Engineering,  com- 
prising four  years  of  thorough  training  and  resi- 
dent college  work  in  theory  and  practice  of  engi- 
neering. Copies  of  Clarkson  Bulletin,  published 
quarterly,  mailed  on  application. 

Wm.  S.  Aldrich,  Director, 

POTSDAM,  N.  Y. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering.  Even- 
ing Post-Graduate  Courses.  Fred.  W.  Atkinson, 
Ph.D.,  President;  W.  D.  Ennis,  Member  A.S.M.E., 
Professor  Mechanical  Engineering. 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Mechan- 
ical, Electrical  and  Chemical  Engineering.  New 
laboratories  and  excellent  equipment.  Beautiful 
site  within  four  miles  of  Boston.  Preparatory  de- 
partment for  students  who  have  had  engineering 
practice,  but  insufficient  preparation  for  college 
work.  For  information  concerning  courses  and 
positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE  P.  O.,   MASS. 


THE  RENSSELAER  POLYTECHNIC 
INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical  En- 
gineering and  General  Science  leading  to  the  de- 
grees, C.E.,  M.E.,  E.E.  and  B.S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.  Y. 


THE   UNIVERSITY   OF   MICHIGAN 

Ann  Arbor,  Mich. 

Department  of  Engineering.  Courses  offered 
in  Civil,  Mechanical,  Electrical,  Chemical,  Marine 
Engineering  and  Naval  Architecture,  Architecture 
and  Architectural  Engineering,  and  Geological 
Engineering.  Four,  five  and  six  year  courses. 
University  attendance,  5000;  Engineering  atten- 
ance,  1350. 

For  special  Bulletins  address 

James  P.  Bird,  Secreiaru. 

NEW  YORK   UNIVERSITY   SCHOOL 
OF  APPLIED  SCIENCE 

Departments  of  Civil,  Mechanical  and  Chemi- 
cal Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,   Dean. 

UNIVERSITY    HEIGHTS,    N.    Y.,   CITY. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

181  LaSalle  Street,  CHICAGO 


EARLE  C.  BACON 

Member  A.  S.  M.  E. 
Hoisting,  Crushing  and  Mining  Machinery 

Havemeyer  Building,  NEW  YORK 


F.  W.  DEAN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect, 
Exchange  Building,  53  State  St.,  BOSTON,  MASS. 


J.  A.  HERRICK,  Consulting  Engineer 
Member  A.  S.  M.  E. 

The  Herrick  Patented  Gas  Producers,  Gas  and 
Air  Valves,  Gas  Furnaces,  Regenerative  and 
Direct  Fired — all  purposes. 

Room  1C03,  No.  2  Rector  St.,  N.  Y.  City 


BERT.  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,   Specifications  and   Superintendance   of 
Manufacturing  Buildings,  Plants  and  Equipments 


of  same. 


Perin  Building,  CINCINNATI,  OHIO. 


WILLIAM  R.  CONARD 

Assoc.  A.  S.  M.  E.  and  A.  S.  C.  E. 

Inspection  of  Rails,  Bridge  Materials,  Building 
Materials  of  Iron  and  Steel  Cars,  Locomotives,  etc. 

Specialty:  Inspection  of  all  Water-Works  Mate- 
rials, 322  High  Street,  BURLINGTON,  N.  J. 
Maison  Blanche  Bldg.,  NEW  ORLEANS.  LA. 

R.  C.  Huston,  C.E.,      Southern  Representative 


D.  HURLEY  &  COMPANY 

Factory  and  Mill  Engineering 
17  Custom  House  Street,     PROVIDENCE,IR.SI. 

CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 
Room  911,  45  Milk  Street,  BOSTON,  MASS. 

J.  G  O'NEIL 

Member  A.  S.  M.  E. 
Contracting  Engineer;  Boilers,  Engine  Pumps 
and  Steam  Specialties 

304  The.Rookery,  CHICAGO,  ILL. 
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MACHINE  SHOP  EQUIPMENT 


AMERICAN  WATCH  TOOL  COMPANY 

WALTHAM,  MASS. 

Bench  Lathes,  Automatic  Pinion  Cutters.  Automatic  Wheel  Cutters,  Sensitive 
Drills,  Profiling  Machines,  machinery  particularly  adapted  for  meter  manufacturing, 
tool  room  and  laboratory  work.  Estimates  given  on  special  work.  Send  for  new 
catalogue. 


H.   G.   BARR 

21  Hermon  St.  WORCESTER.    MASS. 

vSingle  and  Multiple  Drilling?  Machines  with  or  without  power  feed, 
"General  Electric"  Motor  drive  if  desired.  No.  1  or  No.  2,  "Morse  Taper." 
Over  75  styles,  adapted  to  every  need.  These  machines  will  do  more  than 
the  twist  drills  can  stand  up  to. 


PRECISION 
MACHINERY 


DRILLING 
MACHINES 


BETTS  MACHINE  CO. 

WILMINGTON,  DEL. 
We  build  a  complete  line  of  Vertical  Boring  Mills,  Planing  Machines, 
Slotting  Machines,  Horizontal  Boring  Machines,  etc.,  etc. 


HEAVY 

MACHINE 

TOOLS 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 
Sole  manufacturers  in  America  of  Carboruntlum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grindiiisr  Wluols  for  every  possittle  grinding  need.  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carbdruiiduni  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Ciarnet  Paper. 


CARBORUNDUM 
PRODUCTS 


S.   W.   CARD  MFG.   CO. 

MANSFIELD,  MASS.,  U.  S.  A. 
Card  Quality  Taps  are  made  the  best  we  know  how  and  we  know  how 
to  make  the  best.     Established  1874. 


TAPS 


THE   J.    M.    CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  I. 
Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the  market 
and  38  years  in  the  lead. 


TAPS  AND 
DIES 


CINCINNATI  GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 

Our   Automatic    Spur  Gear  Cutting  Machines  exceed  in    power   and 
capacity  and  equal  in  accuracy  any  machines  of  their  type  made. 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 

We  manufacture  the  most  complete  line  of  Shapers  made,  including 
Plain  Crank,  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  well  as  Crank  Planers. 
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GEAR 

CUTTING 

MACHINES 


SHAPING 
MACHINES 


MACHINE  SHOP  EQUIPMENT 


TAPS 
DIES 


F.  A.  ERRINGTON 

41  CoRTi.ANDT  St.  new  YORK 

Auto-Reverse  Tappinji-  Chucks;  Drilling,  Tapping  and  Stud-Setting 
Attachments.  Positive,  Friction,  Interchangeable  Tap-Holders.  Auto- 
Opening  Dies;  Auto-Close  Taps. 


AUTOMATIC 

TURNING 

LATHE 


FAY  MACHINE  TOOL  CO. 

2xD  AND  Glenwood  Ave.  PHILADELPHIA,  PA. 

Fay  Automatic  Turning  Lathes  are  the  best  for  turning  duplicate  parts. 
Accuracy  and  rapid  production  guaranteed.  One  man  runs  4  to  6  ma- 
chines.    Ask  for  bulletin. 


GEAR 
SHARERS 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  ;i  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


NOISELESS' 
RIVETING 
MACHINES 


THE  GRANT  MANUFACTURING  &  MACHINE  CO. 
BRIDGEPORT,  CONN. 

Send  to  us  your  samples  and  we  will  rivet  them  Mith  our  Noiseless,  Blowless, 
Spinning  Process,  and  return  to  you  free  of  charge,  giving  rate  of  production  M'hich 
is  usually  more  rapid  than  one  per  second. 


MILLING 
MACHINES 


THE  INGERSOLL  MH^LINC;  MACHINE  CO. 

ROCKFORD,  ILL. 

Milling  Machines  have  been  our  exclusive  specialty  for  over  ii  years.  All  sizes 
from  '20  in.  wide  up  to  any  width  with  every  combination  of  spindles.  Heavy  or  Lisiht 
Work.  Our  new  Combined  Horizontal  and  Vertical  Spindle  Knee  Type  Machine  just 
out. 


TURRET 
LATHE 


INTERNATIONAL  MACHINE  TOOL  CO. 

INDIANAPOLIS,  IND. 

The  "Libby"  Full  Swing  Carriage  Turret  Lathe  has  full  swing-over  carriage: 
rapid  power  traverse  for  both  carriages;  geared  headstock,  quick  change  feed  gears 
and  speeds;  indicator  for  position  of  cutters;  automatic  feed  trip  offs;  very  coarse 
feeds;  very  fine  feeds;  ease  of  changinH:  from  belt  to  motor  drive. 


TURRET 
LATHES 


HEAVY  DUTY 

BORING 

MILLS 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 
Vertical  Turret  Machines,  28"  and  34".      Vertical  Boring  and  Turning- 
Machines,  42"  to  84",  inclusive. 
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MACHINE  SHOP  EQUrPMENT 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,    OHIO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines. 
They  are  scientifically  desigrned,  so  the  power  is  limited  only  by  the  strength  of  the 
cutting  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


LATHES 

MILLING 

MACHINES 


MANNING,   MAXWELL  &  ISIOORE,    Inc. 

SINGf:R  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world   and   carry  in  stock  the  product   of  the  foremost  designers  of  the 
many  branches  of  machine  tool  building  in  the  United  States. 


MORSE   TWIST   DRILL   &   MACHINE   CO. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 
Makers   of  Drills,    Reamers,    Cutters,    Chucks,    Taps,    Dies,    Arbors, 
Counterbores,  Countersinks,  Gauges,    Machines,    Mandrels,    Mills,    Screw 
Plates,  Sleeves,  Sockets,  Taper  Pins  and  Wrenches. 


NATIONAL   MACHINE   COMPANY 

HARTFORD,  CONN. 
Sensitive  Drills,  1  to  10  Spindles;  Reamer  and  Surface  Grinders;  Cen- 
tering and  Tapping  Machines.     All  kinds  of  Universal  Printing,  Embossing, 
and  Cutting  and  Creasing  Machines.     Send  for  catalogue. 


MACHINE 
TOOLS 


DRILLS 

REAMERS 

CHUCKS 

TAPS  &.  DIES 

ETC. 


DRILLS 

GRINDERS 

CENTERING 

AND  TAPPING 

MACHINES 


THE   NATIONAL   MACHINERY   CO. 

TIFFIN,  OHIO 

We  build  a  complete  line  of  Bolt  and  Nut  Machinery,  including  Bolt  Cutters 
(threaders).  Bolt  and  Rivet  Headers,  Upsetting  and  Forging  Machines,  Hot  Pressed 
Nut  Machines,  Nut  Tappers,  Washer  Machines,  Wire  Nail  Machines  and  Lag  Screw 
Gimlet  Pointers. 


BOLT  AND 

NUT 

MACHINERY 


NEWARK  GEAR  CUTTING  MACHINE  CO. 

66  UNION  STREET,  NEWARK,  N.  J. 
Our   Automatic   Gear    Cutting    Machines   are  recommended  by  their 
users  for  accuracy  and  rapid  construction.     Write  for  circulars  describing- 
improved  features  and  patented  construction. 


NIAGARA  MACHINE  AND  TOOL  WORKS 

BUFFALO,  N.  Y. 
Mfr's  of  Presses  of  various  types  and  capacities.  Squaring  and  Rotary 
Shears,  Punches,  Forming  Rolls,  Tinsmiths'  tools  and  machines,  etc. 


NILES-I5EMENT-POND  CO. 


Ill  Broadway 

Metal  Working  Machine  Tools,  all  kinds  and  sizes. 
200  tons  capacity. 
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NEW  YORK 
Niles  Cranes,  2  to 


GEAR 
CUTTING 
MACHINE 


SHEET 

METAL 

WORKING 

MACHINERY 


MACHINE 
TOOLS 
CRANES 


MACHINE  SHOP  EQUIPMENT 


TURRET 
DRILLS 


A.   O.   QUINT 

HARTFORD,  CONN. 

The  Quint  Vertical  Turret  Drill  will  perform  all  the  operations  of  drilling,  tapping, 
reaming  and  counterboring  at  one  setting  of  the  piece  without  the  loss  of  time  to 
change  tools  or  the  work. 


BOLTS 

AND 
NUTS 


RUSSELL,   BURDSALL  &  WARD  BOLT  &  NUT  CO. 

PORT  CHESTER,  N.  Y. 

Manufacturers  of  the  finest  grade  of  Bolts  and  Nuts  for  automobiles, 
machinery  and  engineering  work. 


CHUCKS 


THE  SKINNER  CHUCK  CO. 

New  York  City,  94  Reade  St.  New  Britain,  Conn.,  96  N.  Stanley  St. 

Manufacturers  of  Lathe,  Drill  and  Planer  Chucks,  Face  Plate  Jaws, 
Drill  Press  Vises  and  Reamer  Stands.  We  are  glad  to  quote  on  special 
Chucks.     Write  us  for  our  1909  Price  List,  illustrating  our  complete  line. 


TWIST  DRILLS 

REAMERS 

CUTTERS 

TAPS 


PRECISION 
BENCH 
LATHES 


THE  STANDARD  TOOL  CO. 

CLEVELAND,  OHIO  94  Reade  St.,  NEW  YORK 

Twist  Drills,  Countersinks,  Chucks,  Sockets,  Emery  Wheel  Dressers, 
Wire  Gauges,  Reamers,  Taps,  Screw  Cutting  Dies,  Milling  Cutters,  Taper 
Pins. 


AYALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing  8",  will  take  i"  rod  through  the  chuck  and  the  workman- 
ship is  of  the  highest  watch  machine  standard.  It  is  ;i  necessity  in  the  modern  tool 
room.  Catalog  for  those  interested.  Also  makers  of  Automatic  Precision  Bench 
Machinery. 


TURRET 
LATHES 


DRILL 

GRINDERS 

SPEED 

LATHES 

SENSITIVE 

DRILLS 
DRAWING 
STANDS 


TOOL 
STEEL 


THE  WARNER  &  SWASEY  COMPANY 

New  York  CLEVELAND  Chicago 

We  oflFer  a  most  complete  line  of  high-grade  Turret  Lathes  for  produc- 
ing work  accurately,  rapidly  and  economically.  Our  catalog,  which  describes 
these  machines  fully,  will  be  mailed  on  request. 


THE  WASHBURN  SHOPS 

OF    THE    WORCESTER    TOLYTECHNIC    INSTITUTE 

WORCESTER,  MASS. 
Worcester   Drill  Grinders  and    Drawing  Stands;  Washburn  Sensitive 
Drills  and  Speed  Lathes. 


WHEELOCK, 

LOVEJOY 

& 

CO. 

23 

Cliff 

Street 

NEW  YORK 

Firtt 

i-Sterhng  Tool  Steel.     Bl 

ue  Chip  Steel  for  taps. 

die  cutters, 

drills. 

reamers. 

punches,  etc. 
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MACHINE  SHOP  EQUIPMENT 


THE  D.  E.  WHITON  MACHINE  CO. 

NKW  LONDON,   CONN. 
Whiton  Geared  Scroll  Combination  Chucks  have  the  special  qualities  of 
the  Whiton  Geared  Scroll  and  Independent  Jaw  Chucks.     Whiton  Revolv- 
ing Centering  Machine  is  designed  for  accurately  centering  finished  shafts. 


CHUCKS 

CENTERING 

MACHINES 


WILEY  &  Rl  SSELL   MFG. 

GREENFIELD,  MASS. 


CO. 


Manufacturers  of  the  well-known  Lightning  "Machine  Relieved"  Taps,  Green 
River  and  Lightning  Screw  Plates;  Adjustable  Screw  Thread  Cutting  Dies;  Spiral 
Fluted  Reamers;  Opening-Die  Bolt  Cutters,  etc.     Send  for  catalogue  34X. 


SCREW  PLATES, 
TAPS, 
REAMERS, 
BOLT  CUTTERS 


AIR   COMPRESSORS  AND  PNEUMATIC  TOOLS 


THE   BLAISDELL   MACHINERY   CO. 

BRADFORD,  PA. 

NEW  YORK  BOSTON  CHICAGO 

Blaisdell  Air  Compressors  are  manufactured  in  all  sizes  for  all  purposes. 


AIR 

Compressors 


CLEVELAND  PNEUMATIC  TOOL  CO. 

CLEVELAND,  O. 
We  make  the  most  powerful,  reliable,  durable,  economical  Hammers 
built.     Twenty-two  styles  and  sizes  of  Riveters;  18  styles  and  sizes  of  Chip- 
pers;  10  styles  and  sizes  of  Drills.     Tools  shipped  on  approval  at  our  expense. 


AIR  TOOLS 
HAMMERS 
RIVETERS 
CHIPPERS 
DRILLS 


THOS. 

YoBK  AXD  -23rd  St. 


H.  DALLETT  CO. 

PHILADELPHIA,  PA. 


Our  Compressors  are  exceptionally  massive  and  rigid  in  design;  have  liberal 
bearing  surfaces;  all  working  parts  are  readily  accessible;  have  special  intake  and  dis- 
charge valves.  Are  particularly  adapted  for  high-class  installations.  Capacities  from 
80  cu.  ft.  per  minute  up  to  1200  cu.  ft.     Write  for  catalogue. 


THE  LAIDLAW-DUNN-GORDON  CO. 

11,5  Broadway,  NEW  YORK  Works:  CINCINNATI,  OHIO 

Air  Compressors,  Elevator  Pumps,  Cross  Compound  Pumping  Engines. 


AIR 
COMPRESSORS 


Air 
Compressors 

ELEVATOR 
PUMPS 

PUMPING 
ENGINES 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  824.  New  System  of  Valves  for  Steam  Engines,  Air  Engines  and  Compressors: 
F.  W.  Gordon,  price  $.20;  No.  894.  Test  of  an  Hydraulic  Air  Compressor:  W.  O. 
Webber,  price  $.10;  No.  1017.  Improvement  in  Valve  Motion  of  Duplex  Air  Compres- 
sors: S.  H.  Bunnell,  price  $.10;  No.  1131.  A  High  Duty  Air  Compressor:  O.  P.  Hood, 
price  $.30. 
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PAPERS 
ON 
AIR 

Compressors 


STEAM   ENGINES  AND   BOILERS 


STEAM   ENGINES  AND  BOILERS 


WATER    TUBE 
BOILERS 


ENGINES 


ALMY  AVATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  AVater  Tube  Boilers  for  steamships, 
river  steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  Are  boats,  launches. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN   ENGINE   CO. 

4-2  Raritan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American    Ball  An^le  Compound  Engines.      Angle  com- 


pound, 80  to  1,000  h.  p.;    double  angle  compound,  160  to  2,000  h.  p.; 
cylinder  triple,  120  to  1,600  h.  p. 


four 


STEAM 
ENGINES 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with 
non-detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


ENGINES 
STEAM  AND  GAS 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 


^.,^^„  ERIE  CITY  IRON  AVORKS 

STEAM 

EOILERS  AND  ERIE,   PA, 

ENGINES  Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  Iwttom  portible, 

FEED-WATER  open  bottom  portable  and  vertical  tubular.     Engines:  four  valve,  enclosed  high  speed, 

H  EATERS  automatic,  center  crank,  side  crank,  portable.    Feed-Water  Heaters  from  25  to  600  li.p. 


STEAM 
ENGINES 


WATER 

TUBE 

BOILERS 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 
HARRISBURG,   PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


HEINE  SAFETY  BOILER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  units  of 
from  50  to  600  H.  P.,  will  materially  reduce  power  plant  expense. 

— 


STEAM   ENGINES  AND   BOILERS 


THE  HOO\  EN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO. 

Manufacturers  of  Hamilton  Corliss  Engines,  Hamilton  High  Speed 
Corliss  Engines,  Hamilton  Holzwarth  Steam  Turbines,  Special  Heavy 
Castings. 


ENGINES 
TURBINES 
CASTINGS 


MURRAY   IRON   WORKS    CO. 

BURLINGTON,  lA. 
Manufacturers  of  the  Murray  Corliss  Engine  and  Murray  Water  Tube 


Boiler. 


ENGINES 
BOILERS 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 
Rice    &    Sargent    Higher   Speed   Corliss    Engines,    Improved   Greene 
Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery. 


STEAM    AND 

GAS   ENGINES 

GAS 

PRODUCERS 

STEAM 

TURBINES 


RIDGWAY  DYNAMO   AND  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


ENGINES 
GENERATORS 


ROBB-MUMFORD    BOILER   CO. 

SOUTH  FRAMINGHAM,  MASS. 
Iril  State  St.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Mumford  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


BOILERS 


ROBT.    WETHERILE  cV  CO.,   Inc. 

CHESTER,  PA. 
Manufacturers  of   Corliss  Engines  and  Boilers.     Special    Heavy  Ma- 
chinery-Plate Metal  Work. 


CORLISS 
ENGINES 
BOILERS 


WISCONSIN    ENGINE   COMPANY 

CORLISS,  WIS. 
Corliss    Engines,    Air   and    Gas    Compressors,    High    Duty    Pumping 
Engines,  Blowing  Engines,  Rolling  Mill  Engines,  "Complete  Expansion"* 
Gas  Engines. 


ENGINES 

Air 
Compressors 


PAPERS  FROM  TRANSACTIONS   OF  A.  S.   M.   E. 

No.  29L  Surface  Condensers:  J.  M.  Whitham,  price  $.10;  No.  534.  An 
Evaporative  Surface  Condenser:  J.  H.  Fitts,  price  $.10;  No.  693.  A  Self- 
Cooling  Condenser:  Ralberger,  price  $.30;  No.  1072.  Condensers  for  SLeam 
Turbines,  price  $.20. 
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PAPERS 

ON 

CONDENSERS 


GAS  ENGINES  AND  GAS   PRODUCERS 


GAS  ENGINES  AND  GAS  PRODUCERS 


GAS 
ENGINES 


GAS  ENGINES 

AND 
PRODUCERS 


JAMES  BEGGS  &  CO. 

109  Liberty  St.  NEW  YORK 

Manufacturers  of  Foos  Producer  Gas  Engines  for  Water  Works,  Elec- 
tric Light  and  Power  Plants  of  all  kinds;  Vertical  Multiple  Cylinder  Engines, 
20  to  250  h.  p. ;  Horizontal  Single  Cylinder  Engines,  2  to  90  h.  p. 


THE  BRUCE-MACBETH    ENGINE   CO. 

Successors  to  THE  BRUCE-MERIAM-ABBOTT  COMPANY 
CLEVELAND,  O. 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.      For  natural  or  pro- 
ducer gas.      15  to  300  H.   P.      Economy,   reliability    and  simplicity  unex- 
celled . 


GAS 
ENGINES 


DU  BOIS  IRON  WORKS 

DU  BOIS,  PA. 
Du  Bois  Gas  Engines  operate  at  lowest  possible  fuel  expense  on  natural 
or  city  gas,  gasoline  or  producer  gas.     Speed,   gas,   air  and  electric  spark 
are  adjustable  while  engine  is  running.     Sizes  5  to  375  h.  p. 


GAS 
PRODUCERS 


GAS  POWER  COMPANY 

4  Rector  Street,  NEW  YORK 

Straight  Carbon  Monoxide  Gas  Producers.  Sole  licensees  for  use  of 

exhaust  as  diluent.      Builders  and    contractors  for  c-omplete  factory  and 
waterworks  equipment. 


GAS 

ENGINES 

GAS  POWER 

PLANTS 


THE    JACOBSON    ENGINE    COMPANY 

CHESTER,  PA. 
Builders  of  high-grade  Automatic  Scavenging  Gas  Engines  (Jacobson's 
Patent).      Contractors  for  complete  Producer  Gas  Power  Plants  guaranteed 


OIL 
ENGINES 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 

128-138  MoTT  St.,  NEW  YORK 

Oil  Engines,    Marine  and  Stationary,  2-200  h.  p.      Direct  coupled  or 
belted  to  Generators,  Air  Compressors,  Pumps,  Hoists,  etc.,  etc. 


GAS  ENGINES 

AND 

PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h.  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 
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GAS  ENGINES  AND   GAS   PRODUCERS 


POWER   AND    MINING    MACHINERY  CO. 

West  St.  CUDAHY,  WIS. 

Manufacturers  of  Loorais-Pettibone  Gas  Producers,  the  most  successful 
bituminou.  coal  producer,  of  McCuUy  Rock  Crushers,  Mining,  Smelting, 
Copper  Converting  and  Cement  Making  Machinery. 


RIVERSIDE  ENGINE  COMPANY 

OIL  CITY,  PA. 

Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  service, 
in  twelve  types  and  seventy-two  different  sizes  from  10  to  2300  h.  p. 


Built 


STRUTHERS-WELLS  COMPANY 

WARREN,  PA. 

Warren  Vertical  and  Tandem  Gas  Engines  and  Section  Gas  Producers  have  heavy 
overload  capacity,  close  regulation,  positive  lubrication,  positive  circulation  of  cooling 
water.  No  joints  between  combustion  chamber  and  water  jackets.  All  valve  cages 
removable. 


GAS 
PRODUCERS 

MINING 
SMELTING 
CRUSHING 

CEMENT 
MACHINERY 


GAS 
ENGINES 


GAS     ENGINES 

AND 

PRODUCERS 


THE  SUPERIOR  GAS  ENGINE  CO. 

SPRINGFIELD,  OHIO. 
Superior  Tandem  Engines,  100  to  200  H.  P.     Single  Cylinder  Engines, 
5  to  100  H.  P.     Will  operate  economically  on  natural,  artificial  or  producer 
gas,  gasoline  or  distillate.      All  Engines  carry  a  20  to  25%  over  load. 


GAS 
ENGINES 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.  E. 

No.  1100.  Gas  Producer  Tests:  Fernald,  price  $.30;  No.  1126.  Producer  Gas  Power 
Plant:  Bibbins,  price  |.20;  No.  1133.  Evolution  of  Gas  Power:  Junge,  price  $.50;  No.  1166. 
Duty  Test  on  Gas  Power  Plant:  Bibbins  and  Alden,  price  $.40;  No.  1167.  Control  of 
Internal  Combustion:  Lucke,  price  $.20. 


PAPERS 

ON 

GAS 

PRODUCERS 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


ALBANY  STEAM  TRAP  COMPANY 

ALBANY,  NEW  YORK 
Albany  Steam  Traps  are  the  result  of  thirty-five  years  specializing  in 
the  production  of  Steam  Traps.    Owners  and  engineers  of  Steam  Plants  are 
requested  to  write  for  data  concerning  the  Steam  Bucket  Return  Trap. 


STEAM 
TRAPS 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Established  1851 

Presssure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  loco- 
motive use.  The  American  Thompson  Improved  Indicator  with  new  improved  detent 
motion. 
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VALVES 

GAUGES 

INDICATORS 


POWER   PLANT  AUXILIARIES  AND   SPECIALTIES 


VALVES 
GAGES 


THE  ASHTON  VALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 

Off  Valves,  Pressure  and  Vacuum  Gages.     All  of  a  superior  quality  and 

guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfactioa. 


WATER 
SOFTENERS 


L.   M.   BOOTH  COMPANY 

NEW  YORK  CHICAGO 

Booth  Water  Softeners  are  automatic  machines,  using  lime  and  soda  for 
removal  of  incrusting,  corrosive,  or  otherwise  deleterious  substances,  from 
water,  for  all  purposes.     Send  for  free  booklet  "Hard  Water  Made  Soft." 


INJECTOR 
CONDENSORS 


HENRY  AV.   BULKLEY 

ORANGE,  N.  J. 

The  Bulkley  Injector  Condensor  is  guaranteed  to  form  the  best  vacuum 
by  head  of  water  or  by  supply  pump.  In  general  use  on  all  classes  of 
engines. 


VALVES 


CHAPMAN  VALVE  MANUFACTURING  CO. 

SPRINGFIELD,  MASS. 

Open  Hearth  Annealed  Cast  Steel  Gate  and  Globe  Valves  for  high  pressures  and 
superheat.  Automatic  Non-return  Steam  Check  Valves.  Blow-off  Valves.  Hot  Gas 
Valves  for  Blast  Furnaces.     Write  for  our  1909  Catalogue. 


STEAM 
APPLIANCES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators:  Stationary,  Marine,  Locomotive  Safety  Valves; 
Gages  for  all  purposes;  Recording  Instruments:  Chime  Whistler:  Sight  feed  Lubrica- 
tors; Globe  and  Angle  Valves,  Iron  and  Brass,  for  high  pressures:  Blow -off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


BOILER 

WATER 

TREATMENT 

BOILER 
COMPOUND 


DEARBORN  DRUG  &  CHEMICAL  WORKS 

General  Offices  and  Laboratories:    Posbil  Telegraph  Bldg.,  CHIC-\GO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  gratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


LUBRICATORS 


DETROIT  LUBRICATOR  COMPANY 

DETROIT,  MICH. 

"Detroit"'  Sight-Feed  Lubricators  are  made  in  451  diiferent  styles,  to 
fill  any  requirement,  and  are  simple  and  dependable. 


GRAPHITE 
PRODUCTS 


JOSEPH  DIXON  CRUCIBLE  CO. 

JERSEY  CITY,  N.  J. 
Miners,  importers  and  manufacturers  of  Graphite,  Plumbago,  Black- 
Lead  Pencils,  Crucibles,  Stove  Polish,  Lubricants,  Paints,  and  Graphite, 
Products  of  all  kinds. 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


THE  ENGINEER  COMPANY  balanced 

50  CHURCH  ST.                                                            NEW  YORK,  N.  Y.  draft 

Economy  and  increased  capacity  obtained  by  the  upbuilding-  of  fur-  'STEM 

nace  efficiency  when  operating  with  the  Balanced  Draft  System.      (Trade  "McLean  Patents 
Mark  "Balanced"  Reg-.  U.  S.  Pat.  Office.) 


GOLDEN-ANDERSON  VALVE  SPECIALTY  CO. 


PITTSBURG,  PA. 


1032   FlLTON    Bldg. 

Valves:  Non-Return,  Stop  and  Check,  Boiler  Stop,  Boiler  Feed  Check,  Reducing? 
Controlling  Altitude,  Automatic  Float,  Globe  and  Angle,  Boiler  Blow-Ort',  and  Auto- 
matic. Balanced  Plug  Cocks.  Steam  Traps.  Automatic  Water  and  Locomotive  Steam 
Gauges.     Fe^d  Water  Regulators. 


VALVES 

GAUGES 

FEED-WATER 

REGULATORS 


HOMESTEAD  VALVE  MANUFACTURING  COMPANY 

WoiiKs:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


VALVES 


THE  HUC;HS0N  steam  specialty  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 


VALVES 
STEAM  TRAPS 

A,*,...,,.<.v  ii.iv  .  .^  ,/i  Ai,_  ^iimiiii^   Vl^^ve:^lul  till  pi  cssui  es  aim  loi  bLeain,  Mir  ciiici  water,    i  wno 

The  best  ;ind  only  absolutely  noiseless  Combination   Back   Pressure  and  Relief  Valve.       REGULATORS 
Pump  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.    Write 
for  complete  catalogue. 


THE  KENNEDY^  VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants; 
Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


VALVES 


JOHN 

T. 

LINDSTROM 

214 

S.  Third  St. 

ALLENTOWN, 

PA. 

Manufacturer  of  Lindstrom's 

Corliss  Valve  Steam  Trap, 

Steam  Separa- 

tors 

,  Boiler  Separators. 

SEPARATORS 
STEAM 
TRAPS 


McCORD 

CHICAGO 

The    McCord    Sprin 
McCord  Draft  Gear. 


AND  COMPANY 

NEW  YORK 
Dampener.      The   McCord   Journal    Box.      The 
The  McCord  Force-feed  Lubricator. 


RAILWAY 
SPECIALTIES 
LUBRICATORS 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS. 
Manufacturers  of  Reducinj;-  Valves,  Damper  Regulators,  Automobile 
Engines,    Pump    Governors,    Pressure    Regulators,    Balanced    and    Lever 
Valves. 
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VALVES 

STEAM 

SPECIALTIES 


POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 


FLEXIBLE 
JOINTS 


STEAM 
TRAPS 


MORAN  FLEXIBLE  STEAM  JOINT  CO. 

115  N.  3d  St.  LOUISVILLE,  KY. 

All  Metal  Flexible  Joints,  for  steam,  air,  gas  and  liquid.     Universal 

brass  ball  unions  and  distillers'   brass  goods.  Automatic  Fillers  for  half 
barrels,  barrels  and  casks  or  drums. 


MOREHEAD    MANUFACTURING 

DETROIT,  MICH. 


CO. 


Return,  Non-Return  and  Vacuum  Steam  Traps.  The  Morehead  Tilting:  Steam  Trap 
IS  the  original  desij^'ii  of  tilting  trap,  having  been  on  the  market  for  a  quarter  of  a  cen- 
tury. For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself  Illus- 
trated descriptive  catiilog  sent  on  request. 


VALVES 


NELSON  VALVE  COMPANY 

PHILADELPHIA 

Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature.  Our 
new  2-24-page  Valve  Catalogue  sent  free  on  request. 


STEAM 

SEPARATORS 

TRAPS 


W.   H.   NICHOLSON  &  COMPANY 

WILKES-BAR  RE,  PA. 

The  Wyoming  Automatic  Eliminator  is  a  combination  Steam  Separator 
and  Trap.  It  has  the  capacity  to  handle  floods  as  well  as  ordinary  conden- 
sation.    Write  for  catalogue  on  separators  and  steam  traps. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Ohio  Locomotive  Injectors,  Garfield  Injectors  and  Ejectors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors,  Chicago  Sight- 
Feed  Lubricators  for  locomotive  and  sbitionary  service.  Grease  Cups,  Oil  Cups,  Water 
Gauges,  Gauge  Cocks,  O.  I.  Co.  Valves,  etc. 


METALLIC 
TUBING 


PENNSYLVANIA  FLEXIBLE  METALLIC  TUBING  CO. 
PHILADELPHIA,  PA. 

Our  Metallic  Tubing  is  made  in  all  sizes  from  |"  to  12"  of  copper  or 
galvanized  steel  tape  rolled  into  spiral  form  in  one  continuous  length.  Used 
for  high  pressures  and  all  liquids,  compressed  air,  steam,  gases,  oils,  etc. 


"WHITE  STAR" 

VALVES 
GLOBE,     GATE 
ANGLE,  CHECK 


THE  WILLIAM  POWELL  CO. 

CINCINNATI,  OHIO 

'White  Star"  Globe,  Gate,  Angle  and  Check  Valves,  with  the  revers- 
ible-regrindable-renewable  discs;  three  valves  in  one  at  the  price  of  one; 
two  grades,  for  200  lb.  and  300  lb.  working  pressures. 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


POWER  PLANT  SPECIALTY  COMPANY 

625  MoNADNOCK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressure  and  Gravity  Filters.      Correspondence  solicited. 
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POWER   PLANT  AUXILIARIES  AND    SPECIALTIES 


JOHN  SIMMONS  COMPANY 

110  Centre  St.  NEW  YORK 

The  Rothchild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  ^as,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  repairs  or  replacing-  of  parts. 


ROTARY 
GATE 
VALVE 


WALCH    &    WYETH 

CHICAGO,  ILL. 

The  Erwood  Straightway  Swing-Gate  Valve  is  invaluable  as  a  safety  gate  on  ex- 
hausts of  engines,  pumps,  hammers,  elevators  and  air  compressors,  also  as  a  non-return  on 
boilers,  between  cylinder  and  condenser,  cylinder  and  heater  and  as  a  combined  check 
and  gate. 


VALVES 


WHEELER  CONDENSER  &  ENGINEERING  CO. 

Main  Oefice  and  Works:     CARTERET,  N.  J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative 
Dry  Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


C.  H.  WHEELER  MFG.  CO. 


NEW  YORK 


PHILADELPHIA,  PA. 

CHICAGO 


SAN  FRANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


CONDENSERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


A.    B.    WILLOUGHBY 

The  Bourse  PHILADELPHIA,  PA. 

Willoughby's  Patent  Improved  Shaking  Grates  and  Furnaces;  Alter- 
nating Rotary  Shaking  Grates  for  fire  engines  and  all  boilers  with  circu- 
lar fire  boxes. 


SHAKING 
GRATES 


FOUNDRY   EQUIPMENT 


HANNA  ENGINEERING  WORKS 

2065  Elston  Ave.,  CHICAGO,  ILL. 

Manufacturers  of  Hanna  Pneumatic  Yoke  Riveters,  Plain  Toggle  Riveters,  Hydro- 
Pneumatic  Riveters,  Pneumatic  Punches,  Screen  Shakers,  Revolving  Dumping  Riddles, 
Radial  Reamers.  Mold  Dryers,  Titus  Stoping  Drills,  Rathbone  Multiple  Molding 
Machines,  etc. 


RIVETERS 

SAND  SIFTERS 

MOLDING 

MACHINES 


WHITING  FOUNDRY  EQUIPMENT  CO 

HARVEY,  ILL. 
Have  complete  equipment  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  Foundry  Plants.     Buildings  designed  and  furnished;  equip- 
ment installed  and  operated. 
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FOUNDRY 

PLANT 

EQUIPMENT 


PUMPS  AND   HYDRAULIC  TURBINES 


PUMPS  AND  HYDRAULIC  TURBINES 


PUMPING 
MACHINERY 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping:  Machinery. 
The  valve  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  eng:ineers  who  desire  to  reduce  their  operating 
expenses.     Literature  upon  request. 


TURBINE 
PUMPS 


ATLANTIC  HYDRAULIC  MACHINERY  CO.,   Inc. 
PHILADELPHIA,  PA. 

Our  Turbine  Pumps  are  light,  comparatively  low  priced,  constructed 
according  to  the  latest  designs,  highly  efficient.  We  guarantee  to  each 
customer  to  fill  his  individual  requirements  exactly. 


MARINE    PUMPS 
POWER    PUMPS 


FEED    WATER 
HEATERS 


THE  GEO.  F.  BLAKE  MFG.  CO. 

11,5  Broadway,  NEW  YORK         Works:  EAST  CAMBRIDGE,  MASS. 

Marine   Pumps,    Feed   Water    Heaters,    Steam  and    Power   Pumping 
Machinery  for  general  service. 


VENTURI 
METERS 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

V'enturi  Meters  measure  cold  water,  hot  water,  brine  and  chemicals.  They  are 
used  on  gravity  supplies  and  to  check  performance  of  centrifugal  and  reciprocating 
pumps.  Usual  sizes  from  2"  to  60".  Larger  sizes  in  use.  Full  set  of  bulletins  on 
request. 


PUMPS 

CONDENSERS 


M.   T. 

DAVIDSON 

CO. 

43-53  Reap  St.,  BROOKLYN, 

N.  Y. 

New  York: 

154 

Nassau  St. 

Boston  : 

30  Oliver 

St. 

High  grade 
densers. 

economical 

Pumps  for  all  services.     Surface  and  Jet  Con- 

POWER  PUMPS 
STEAM  PUMPS 


THE  DEANE  STEAM  PUMP  CO. 

115  Broadway,  NEW  YORK  Works:  HOLYOKE,  MASS. 

Power  Pumping  Machinery,  General  Service  Steam  Pumps. 


MINING 
PUMPS 


GOYNE  STEAM  PUMP  CO. 

ASHLAND,  PA. 

Manufacturers  of  Mining  Pumps  for  any  service  or  capacity.  Most  Engineers 
know  that  the  life  of  the  superior  mining  pump  is  from  two  to  four  times  that  of  the 
ordinary  on  the  same  service.  Why  then  let  a  difference  of  from  25  to  even  50,'?  in  first 
cost  determine  your  selection? 
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PUMPS  AND    HYDRAULIC   TURBINES 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connet-tions  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearinj^-,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


WATER 
WHEELS 


THE  JEANESVILLE  IRON  WORKS  CO. 

HAZELTON,  PA. 

Builders  of  High-grade  Pumping  Machinery  Direct-acting,  Fly-wheel, 
and  Centrifugal  for  elevator,  mine  and  waterworks  service. 


PUMPING 
MACHINERY 


KNOWLES  STEAM  PUMP  WORKS 

115  Broadway,  NEW  YORK         Works:  EAST  CAMBRIDGE,  MASS. 

Mine  Pumping  Machinery,  Vacuum  Pumps,  Underwriter  Fire  Pumps 
and  Power  Pumps. 


MINE    PUMPS 

FIRE  PUMPS 

POWERPUMPS 


THE   JOHN    H.    McGOWAN   CO. 

CINCINNATI,  OHIO 

Builders  of  all  types  of  Duplex,  Direct  Acting,  Water  Works  Pumping 
Engines;  Boiler  Feed,  General,  Low  and  special  service  Pumps,  Single  Du- 
plex and  Rotative  types,  Noiseless  Back  Pressure  Valves  and  other  specialties. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Boilers. 


PUMPING 

ENGINES 

PUMPS 

VALVES 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 

BOILERS 


W  ILLIAM  E. 

54H-50  West  23d  St. 

Manufacturers   of  the   Quimby 
Sump  Pump, 
accurate  tools. 


QUIMBY,  INC. 

NEW  YORK 

Screw    Pump    and    Quimby    Electric 

Also  General  Machinists.     Shops  equipped  with  large  and 


PUMPS 


RISDON-ALCOTT  TURBINE  CO. 

MT.   HOLLY,  N.   J. 

Manufacturers  of  Risdon  Cylinder  Gate  Turbine,  Risdon  Register  Gate 
Turbine,  Alcott  High  Duty  Turbine,  Leviathan  Hinged  Gate  Turbine. 
Successors  to  T.  H.  Risdon  &  Co.,  and  T.  C.  Alcott  &  Son. 


TURBINES 


S.  MORGAN  SMITH  CO. 

YORK,  PA. 

of  Turbine  Water  Wheels,  Cylinder  and  Wicket  Gate, 


Manufactu 
suitable  for  operating  all  kinds  of  machinery 
bines  to  iDeet  specific  requirements. 
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We  design  and  build  Tur- 


TURBINE 
WATER 
WHEELS 


PUMPS  AND    HYDRAULIC  TURBINES 


PUMPING 
ENGINES 

PRESSURE 
PUMPS 

GAS 
ENGINES 


PUMPS 

CONDENSERS 

WATER 

METERS 
WATER  WORKS 

PUMPING 

ENGINES 


THE  SNOW  STEAM  PUMP  WORKS 

115  Broadway,  NEW  YORK  Works:  BUFFALO,  N.  Y. 

Water  Works  Pumping  Engines,  Oil  Line  Pressure  Pumps,  Gas  Engines. 


HENRY  R. 

115  Broadway,  NEW  YORK 


WORTHINGTON 

Works:  HARRISON,  N.  J. 


Steam  Pumping  Machinery  for  every  service.     Jet,  Surface  and  Bar- 
ometric Condensers.     Water  Meters  and  Water  Works  Pumping  Engine-,. 


BLOWERS,   FANS,   DRYERS,   ETC. 


DRYERS 


BLOWERS 

FANS 

EXHAUSTERS 


DRYERS 


FANS 

BLOWERS 

ECONOMIZERS 

ENGINES 


AMERICAN 

PROCESS  COMPANY 

68  WILLIAM  ST.,    NEW  YORK 

Mj 

inufacturers  of  Dryers 

of  all    kinds  for  all  material. 

animal. 

vege- 

table 

and  mineral. 

EXETER   MACHINE   WORKS 

EXETER,  N.  H. 

Manufacturers  of  Exeter  Pressure  Blowers  and  Fan  Blowers;  Exeter  Exhausters 
for  Wood;  Exeter  Ventilator  Wheels;  Large  Exeter  Fans  and  Exhausters  for  Heating, 
Ventilating,  Forced  and  Induced  Draft.    Catalogue  gives  details. 


RUGGLES  COLES  ENGINEERING  CO. 

Old  Colony  Bldg.,  CHICAGO  Hrnsox  Terjiixal,   NEW  YORK 

Dryers.      Direct  heat.  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.   F.   STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to    force   or    exhaust  air  under    all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.     Consulting  representatives  in  or  near  your  city. 


TURBINE 

BLOWER 

SYSTEM   OF 

MECHANICAL 

DRAFT 


L.  J.   WING  MFG.   CO. 

90  West  St.  NEW  YORK 

Wing's  Turbine  Blower  system  of   Mec-hanical    Draft    is  the   modern 

method  of  burning  c-heap  fuel  and  increasing  boiler  capacity.     Draft  always 

the  same;  uniform  steam  pressure;  requires  no  floor  space;  easily  installed. 
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HOISTING  AND  CONVEYING   MACHINERY 


HOISTING  AND  CONVEYING   MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  AUiance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


CRANES 

STEAM 
HAMMERS 
PUNCHES 

AND 
SHEARS 


THE  ALVEY-FERGUSON  CO. 

577  Hudson  Terminal  Bldg.,  NEW  YORK       Main  office  and  factory,  LOUISVILLE,  KY. 
Manufacturers  of  A-F  Gravity  Conveyors,  A-F  Power  Conveyors,  A-F 


Belt  Conveyors,  etc. 
ments. 


Conveyors  of  every  description  to  suit  all  require- 


CONVEYORS 


ALFRED  BOX  k  COMPANY 

PHILADELPHIA,    PA. 
Builders  of  Box's  Double   Screw    Chain   Hoists,   Trolley    Hoists   and 
Electric  Hoists;  Jib  and  Traveling  Cranes,  Electric  or  Hand  Power,  up  to 
100  tons  capacity. 


HOISTS 
CRANES 


H.  W.   CALDWELL  &  SON  CO. 

irTH  Street  and  Western  A^e.  CHICAGO,  ILL. 

Conveyors :  helicold  screw,  link  belt,  wire  cable,  troughed  belt,  platform. 

Elevators:  link    belt,  flat  Vielt  and   bucket,  package,  steel  elevator  casings. 

Power  Transmission:  shafting  and  fittings,  gears,  pulleys  and  band  wheels. 


CONVEYORS 
ELEVATORS 

POWER 
TRANSMISSION 


THE  CLEVELAND  CRANE  &  ENGINEERING  CO. 
WICKLIFFE,  OHIO 
Designers   and    manufacturers    of  all    kinds    of  Cranes. 


CRANES 


DARLEY  ENGINEERING  COMPANY 

Singer  Building,  NEW  YORK 

Our  Suction  Conveyor  is  the  best  yet  devised  for  handling  Ashes.  It 
is  dustless,  noiseless  and  efficient.  It  is  also  a  first-class  Conveyor  for 
handling  other  of  the  lighter  materials. 


SUCTION 
CONVEYORS 


THE  .1.  M.  DODGE  COMPANY 

NICETOWN,  PHILA.,  PA. 

Contracting-Engineers.  "The  Dodge  System"  of  coal  storage,  Bridge  Tramways, 
Telphers,  Locomotive  Cranes,  Revolving  Cranes,  I.,ocomotive-Coaling  Stations,  Hoisting 
Towers,  Direct  Unloaders,  Car  Dumpers,  Steel  and  Concrete  Structures. 
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COAL 

STORAGE 

CONVEYING 

MACHINERY 


HOISTING  AND  CONVEYING   MACHINERY 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 
Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Ele- 
vators,   Hoisting   Machines,  Friction  Winding  Drums,  Friction   Clutches 
and  Friction  Clutch  Pulleys. 


ELECTRIC 

LIFTING 

MAGNETS 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


ELECTRIC    CONTROLLER   &   MFG.    CO. 

CLEVELAND,  OHIO 
Electric  Lifting  Magnets,  Electric  Motor  Starters,  Controllers,  Brakes, 
Flexible  Couplings,  Solenoids,  Electric  Arc  Welders. 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Huilders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Hand- 
lintr  Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Eciuip- 
nients. 


WIRE  ROPE 

AerialWire  Rope 
TRAMWAYS 


A.   LESCHEN  &  SONS  ROPE  CO. 

ST.  LOUIS,  MO. 
New  York  Chicago  Denver  Seattle 

Producing  Wire  Rope  of  qualities  and  constructions  adapted  to  every  condition 
of  wire  rope  service,  including  the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  Constructions.  Systems  of  Aerial  Wire  Rope  Tramways  for  the 
economii'al  transportation  of  any  material. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFER 


ELEVATORS 

AND 
CONVEYORS 


ELEVATING 

CONVEYING 

POWER 

TRANSMITTING 

MACHINERY 


CRANES 


LIDGERWOOD  MFG.   CO. 

!)()  LinERTY  St.  new  YORK 

Hoisting  Engines— steam  and  electric,   for  every  use  of  the  contractor,  miner, 

warehouseman,  railroads,  ship  owners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists, 

Cableways  for  hoisting  and  conveying,  Marine  Transfer  for  coal  and  cargo  handling. 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators   and    Conveyors  for  every  purpose;    all  accessories;    Power 
Transmission  Machinery. 


LINK  CHAIN  BELT  CO. 

52  Dey  St.  new  YORK 

Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery:  Ele- 
vator and  Belt  Conveyor  Appliances:  Mill  and  Milling  .Supplies  and  Elevator  Buckets: 
.Standard  Spiral  Conveyors;  Silent  Chain  Drives  and  all  Standard  Chain  Belts.  Makers 
of  the  Clouser  Detachable  High  Speed  Link  Chain  Belt. 


THE   MORGAN   ENGINEERING   CO. 

ALLIANCE,  OHIO 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 
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HOISTING  AND   CONVEYING   MACHINERY 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 

We  make  Cranes  of  all  types  up  to  150  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service. 


CRANES 
HOISTS 


THE   OHIO    ELEVATOR  &   MACHINE  CO. 

COLUMBUS,  O. 
High  class  Elevators  for  every  service.     Electric,   Hydraulic,   Belt  and 
Hand   Power,   and   Freight   Elevators.     Estimates    and  preliminary   plans 
furnished  on  request. 


ELEVATORS 


ROBINS  NEW  CONVEYOR  COMPANY 


NEW  YORK,  72  Front  St. 
Thos.  Robins,  President 


CHICAGO,  Old  Colony  Building 
C.  Kemble  Baldwin,  Chief  Engineer 


Belt   Conveyors,   Robins    genuine    Balata   Belting,   Robins    Laminated   Leather 
Belting-,  Robins  New  Conveyor  Belts  of  Rubber  and  Balata. 


BELT 
CONVEYORS 

CONVEYOR 
BELTS 

BALATA 
BELTING 


JOHN  A.  ROEBLING'S  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel   and    Copper  Wire    Rope,  and    Wire  of 
every  description. 


WIRE   ROPE 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.      Kail- 
road  Wrecking  Cranes.     Electric  Motor  Controllers. 


CRANES 
CONTROLLERS 


WEBSTER  MFG.   CO. 

2410-2432  W.  15tli  St.,  CHICAGO,  ILL.  Eastern  Brancli:  88-90  Reade  St.,  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing  give  us  large  advantages.  Belt  Conveyors  for  handling  cement,  ores, 
sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings. 
Chain  Belting.    Gearing. 


ELEVATING 

CONVEYING 

POWER 

transmitting 
Machinery 


YALE   &   TOWNE   MFG. 


THE 

9  MuRR.w  St. 

Makers  of  the  Triplex  Block  and  Electric  Hoists 
is  made  in  14  sizes,  with  a  lifting 
Hoist  in  10  sizes,  ^  to  16  tons. 


CO. 

NEW  YORK 

The  Triplex  Block 

capacity  of  from  i  to  20  tons;   Electric 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  585.  Power  Losses  in  Transmission  Machinery  of  Central  Stations : 
Aldrich,  price  $.20;  No.  808.  Power  Transmission  by  Belt:  F.  L.  Emory, 
price  $.10;  No.  1180.  Power  Transmission  by  Friction  Drives:  W.  F.  M. 
Goss,  price  $.20;  Paper  on  Belting:  C.  G.  Barth,  price  $.30. 
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PAPERS 

ON 

POWER 

TRANSMISSION 


POWER  TRANSMISSION 


POWER  TRANSMISSION 


PULLEYS 


THE   AMERICAN   PULLEY   CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  anv  one  make  of  pulley.  No  key,  no  set  screw,  no  slip:  light, 
true  and  amply  strong  for  double  belts.     120  stocks  carried  in  the  United  States. 


FRICTION 
CLUTCH 


THE  CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 

The  Johnson  Friction  Clutch  for  feed  and  speed  changes  on  Machine 
Tools  is  the  most  compact  Clutch  on  the  market  for  the  power  it  will  trans- 
mit.    Our  catalog  "G"  should  be  on  every  machine  tool  designer's  desk. 


CHAIN 
DRIVE 


DIAMOND  CHAIN 

259  West  Georgia  St. 

Diamond  Chains  are    more 


&  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
durable    than    the    best    belts.     If  your 


short  transmissions  are  giving  trouble,  our  engineering  department  will  ad- 
vise you  free  of  charge. 


Power 
transmission 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Everything    for  the  Mechanical   Transmission  of  Power.       Plans  and 
estimates  furnished  on  complete  mill  and  factory  equipments. 


FRICTION 
CLUTCHES 


CORK   INSERT 

FRICTION 
SURFACES 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,    OHIO. 
The  Hill  Friction  Clutch  will  pick  up  and  start  a  greater  load  in  pro- 
portion to  its  rated  carrying  capacity  than  any  other  type  of  Clutch.     Al- 
most universally  used  in  cement  mills,  paper  mills,  smelters,  steel  plants, 
and  other  industries  where  service  is  severe. 


NATIONAL  BRAKE  c^  CLUTCH  COMPANY 

16  State  Stkeet,  BOSTON,  MASS. 

We  license  others  to  manufacture,  use  or  sell  Cork  Insert  Pulleys,  Clutches  and 
Brakes.  They  increase  efficiency  .50  to  100%,  and  are  used  in  automobile,  shafting  and 
machinery  clutches  and  in  motor,  shafting  and  machinery  pulleys.  Send  for  pam- 
phlets showing  fifty  applications. 


PULLEYS 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  112"  diameter,  3  to  -tO"  face,  and  tit  any  size  shaft  from  1 
to  8+".     Let  us  send  you  our  booklet  illustrating  all  styles. 
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POWER  TRANSMISSION 


POOLE  ENGINEERING  &  MACHINE  CO. 


WOODBERRY,  BALTIMORE,  MD. 


Mamifacturors  and  Dosiiriiers  of  all  kinds  of  FIcavy  Ma< 
class  workinaiiship  and  niatorials.  Hand,  Rope,  and  Fly  W'lit 
Shafting.  Pulleys  and  Hangers.  Machine  Molded  and  I'ianed 
Turbine  Water- Wheels.     White  Lead  and  Oil  Machinery. 


liinery,  requiring  flrst- 
■els,  Friction  Clutches, 
Clearing.      Poole-Leffel 


Power 
Transmission 
Water  Wheels 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority, 


Friction 
Transmission 


PAPERS  FROM  TRANSACTIONS  OF  A.  S.  M.   E. 

No.  243.  Testing  of  Water  Wheels:  R.  H.  Thurston,  price  $.50;  No.  483.  A  Problem 
in  Water  Power:  John  Richards,  price  1.10:  No.  1042.  Potential  Efficiency  of  Prime 
Movers:  C.  V.  Kern,  price  .$.20:  No.  10.57.  Computation  of  Values  of  Water  Powers:  C. 
T.  Main,  price  $.20;  No.  1107.  Efficiency  Tests  of  Turbine  Water  Wheels:  W.  O.  Webber, 
price  $.30. 


PAPERS 

ON 
WATER 
WHEELS 


ELECTRICAL  APPARATUS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  equipped  machines  of  all  kinds  with 
its  motors.     For  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 


ELECTRIC 
DRIVE 


RELIANCE  ELECTRIC  c^-  ENGINEERING  CO 
CLEVELAND,  OHIO 

Our  specialty  is  Machine  Shop  Drives.  We  will  design  all  parts  for  the  conver- 
sion of  your  belt  driven  machines  into  motor  drive.  Manufacturers  of  the  Lincoln 
Variable  Speed  Motor.     Also  a  complete  line  of  D.C.  and  A.C.  Constant  Speed  Motors. 


ELECTRIC 
MOTORS 


WAGNER  ELECTRIC  MFG.   COMPANY 

ST.  LOUIS,  MO. 

Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power 
and  Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  poly- 
phase generators  and  motors  the  market  attords.  Manufacturers  of  the  most  compre- 
hensive line  of  switchboard  and  portable  instruments  otfered  to-day. 


PAPERS  FROM  TRANSACTIONS  OF  A.  S.   M.  E. 

No.  472.  Electric  Power  Distribution:  H.  C.  Spaulding,  price  $.20;  No.  485.  The 
Electric  Railway  as  applied  to  Steam  Roads:  B.  J.  Dashiell,  Jr.,  price  $.10;  No.  845. 
The  Mechanical  Equipment  of  the  New  South  Station:  W.  C.  Kerr,  price  $1.00;  No. 
1043.    Middlesborough  Dock  Electric  and  Hydraulic  Power  Plant:  V.  L.  Raven,  price  $.30. 
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DYNAMOS 
MOTORS 

Transformers 
Instruments 


PAPERS 

ON 

ELECTRICAL 

APPARATUS 


ENGINEERING   MISCELLANY 


ENGINEERING  MISCELLANY 


Air 
conditioning 


CARRIER  AIR  CONDITIONING  CO. 

39    CORTLANDT   St.  NEW   YORK 

The  Carrier  Air  Washer  and  Humidifier  is  a  simple  and  positive  system 
of  Air  Conditioning,  including  washing,  purifying,  humidifying,  dehumid- 
ifying,  cooling,  tempering. 


UNIVERSAL 

CAST  IRON 

PIPE 


BALL 
BEARINGS 


CENTRAL 

37  Wai.i.  St. 


FOUNDRY  COMPANY 

NEW  YORK 


Universal  Cast  Iron  Pipe  is  permanently  unequaled  for  gas,  water,  air 
or  steam  lines.     See  descriptive  advertisement  on  page  No.  23. 
I 


CHAPMAN    BALL   BEARING   CO. 

40  Bristol  St.  BOSTON,  MASS. 

Chapman  Double  Ball  Bearings  eliminate  line  shaft  friction  and  there- 
fore save  power.  May  be  applied  to  special  machines  of  all  descriptions  as 
well.     Lubrication  reduced  to  a  minimum.     Send  for  catalog. 


ICE  AND 

REFRIGERATING 

MACHINERY 


FRICK  COMPANY 

WAYNESBORO,  PA. 
Manufacturers  and  builders  of  "fjclipse"  Ice-making  and  Refrigerating 
Machinery.     Complete  equipments  for  ice  factories,  cold  storage   houses, 
breweries,  packing  houses,  hotels,  etc.     Red  book  "M"  on  requeS't. 


ROLLER 
BEARINGS 


HYATT  ROLLER  BEARING  CO. 

NEWARK,  N.  J.  DETROIT,  MICH. 

Makers  of  Better  Bearings  in  sbindard  sizes  for  every  wheel  or  shaft 

which  turns,  consisting  of  hollow,  helical  coils  which  are  rigid  but  flexible,  do 

not  overheat,  save  oil,  and  reduce  friction  from  40  to  65  per  cent.     Write. 


HIGH 

PRESSURE 

PIPING 

RADIAL  BRICK 

CHIMNEYS 


PAPERS 

ON 

ENGINES    AND 

BOILERS 


THE  M.   W.   KELLOGG  CO. 

50  Church  St.  NEW  YORK 

Design,  manufacture  and  install  all  types  of  High  Pressure  Piping. 
Welded  Flanges,  Van  Stone  Flanges  and  Welded  Nozzles  a  specialty. 
Manufacturers  of  Radial  Brick  Chimneys. 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.    M.   E. 

No.  827.  Standard  Method  of  Conducting  Steam  Boiler  Trials,  price 
$.50;  No.  828.  Discussion  on  No.  8-27,  price  $.20;  No.  973.  Standard 
Method  of  Testing  Engines,  price  $.50;  No.  974.  Discussion  on  No.  973. 
price  $.40. 
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THE  next  New  York  monthly  meeting  will  be  held  on  Tuesday 
evening,  November  9.  Two  papers  will  be  presented,  one  by 
Prof.  Gaetano  Lanza  of  the  Massachusetts  Institute  of  Tech- 
nology on  Reinforced  Concrete  Beams,  the  other  by  Prof.  Walter 
Rautenstrauch  of  Columbia  University,  on  The  Design  of  Curved 
Machine  Members  under  Eccentric  Load.  The  paper  by  Professor 
Lanza  will  be  illustrated  by  lantern  shdes  showing  methods  of  test- 
ing full-sized  beams.  The  paper  by  Professor  Rautenstrauch  will 
be  discussed  by  authorities  on  machine  design. 

On  Saturday  evening,  November  13,  The  American  Society  of 
Mechanical  Engineers  and  the  Engineers'  Club  of  St.  Louis  will  meet 
together  in  the  rooms  of  the  Engineers'  Club,  3S17  Olive  Street, 
St.  Louis.  A  paper  will  be  presented  upon  A  Modern  Boiler  Shop, 
by  E.  R.  Fish,  Secretary  of  the  Heine  Safety  Boiler  Co.,  St.  Louis. 
,  In  Boston,  a  meeting  will  be  held  Wednesday  evening,  November 
17,  with  a  topical  discussion  on  Low-Pressure  Steam  Turbines. 
This  discussion  will  be  participated  in  by  W.  L.  R.  Emmet,  General 
Electric  Co.,  Schenectady,  N.  Y.;  H.  G.  Stott,  Interborough  Rapid 
Transit  Co.,  New  York;  Richard  H.  Rice,  General  Electric  Co.,  West 
Lynn,  Mass.;  Prof.  Edward  F.  Miller,  Massachusetts  Institute  of 
Technology,  and  others. 

ANNUAL  MEETING 

The  annual  meeting  of  The  American  Society  of  Mechanical  Engi- 
neers will  be  held  in  the  Engineering  Societies'  Building,  New  York, 
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December  7  to  10.  The  arrangements  for  the  meeting  are  now  being 
completed  by  the  Meetings  Committee  and  a  fuller  announcement 
will  be  made  in  a  later  issue  of  The  Journal. 


SOCIAL  FEATURES  OF  THE   ANNUAL  MEETING 

A  meeting  of  the  members  resident  in  and  about  the  city  of  New 
York  was  held  in  the  rooms  of  the  Society  on  the  evening  of  Tuesday, 
October  19,  to  discuss  ways  and  means  for  the  reception  of  the  mem- 
bers at  the  time  of  the  annual  meeting  in  return  for  courtesies  when 
attending  the  conventions  in  other  cities. 

The  meeting  was  called  to  order  by  the  President,  who  was  chosen 
chairman.  After  explaining  the  object  of  the  meeting  and  the  rule 
passed  by  the  Council  last  winter,  placing  in  the  hands  of  the  mem- 
bers the  full  charge  and  responsibility  for  the  social  features,  the 
President  called  for  nominations  for  chairman  of  the  local  committee, 
and  William  D.  Hoxie  was  unanimously  elected  with  authority  to 
appoint  a  local  reception  committee.  An  informal  discussion  followed 
in  regard  to  the  conduct  of  the  annual  meeting  and  many  helpful 
suggestions  were  obtained. 

RAILROAD  TRANSPORTATION  NOTICE 

For  members  and  guests  attending  the  Annual  Meeting  in  New 
York,  December  7-10,  1909,  the  special  rate  of  a  fare  and  three-fifths 
for  the  round  trip,  on  the  certificate  plan,  is  granted  when  the  regular 
fare  is  75  cents  and  upwards,  from  territory  specified  below. 

a  Buy  your  ticket  at  full  fare  for  the  going  journey,  between 
December  3  and  9  inclusive,  and  get  a  certificate,  not  a 
receipt,  securing  these  at  least  half  an  hour  before  the 
departure  of  the  train. 

h  Certificates  are  not  kept  at  all  stations.  If  your  station 
agent  has  not  certificates  and  through  tickets,  he  will 
tell  you  the  nearest  station  where  they  can  be  obtained, 
Buy  a  local  ticket  to  that  point  and  there  get  your  cer- 
tificate and  through  ticket. 

c  On  arrival,  present  your  certificate  to  S.  Edgar  Whitaker 
at  headquarters,  with  25  cents  for  validation.  A  certi- 
ficate cannot  be  validated  after  December  10. 
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d  An  agent  of  the  Trunk  Line  Association  will  validate  certifi- 
cates December  8,  9  and  10.  No  refund  will  be  made  on 
account  of  failure  to  have  certificate  validated. 

e  One  hundred  certificates  must  be  presented  for  vaHdation 
before  the  plan  is  operative.  This  makes  it  important  to 
ask  for  certificate,  and  to  turn  it  in  at  headquarters. 
Even  though  you  may  not  use  it  this  will  help  others  to 
secure  the  reduced  rate. 

/  If  certificate  is  validated,  a  return  ticket  to  destination  can 
be  purchased,  up  to  December  14,  on  the  same  route  over 
which  the  purchaser  came,  at  three-fifths  the  rate. 

This  special  rate  is  granted  only  for  the  following: 

Trunk  Line  Association: 

All  of  New  York  east  of  a  line  running  from  Buffalo  to  Salamanca,  all  of 
Pennsylvania  east  of  the  Ohio  River,  all  of  New  Jersey,  Delaware  and 
Maryland;  also  that  portion  of  West  Virginia  and  Virginia  north  of  a  Une 
running  through  Huntington,  Charleston,  White  Sulphur  Springs,  Char- 
lotteville,  and  Washington,  D.  C. 

Central  Passenger  Association: 

The  portion  of  Illinois  south  of  a  line  from  Chicago  through  Peoria  to  Keokuk 
and  east  of  the  Mississippi  River,  the  States  of  Indiana,  and  Ohio,  the 
portion  of  Pennsylvania  and  New  York  north  and  west  of  the  Ohio  River, 
Salamanca  and  Buffalo,  and  that  portion  of  Michigan  between  Lakes 
Michigan  and  Huron. 

New  England  Passenger  Association,  except  via  Bangor  and 
Aroostook  R.  R.,  Rutland  R.  R.,  N.  Y.  O.  &  W.  R.  R.,  Eastern 
Steamship  Co.  and  Metropolitan  Steamship  Co. 

Maine,  New  Hampshire,  Vermont,  Massachusetts,  Rhode  Island  and  Con- 
necticut. 

The  Western  Passenger  Association  offer  revised  one-way  fares 
to  Chicago,  Peoria  and  St.  Louis;  these  three  places  are  points  in  the 
Central  Passenger  Association,  and  from  these  points  purchase  round 
trip  tickets,  in  the  manner  outlined  in  the  preceding  paragraphs: 

North  Dakota,  South  Dakota,  Nebraska,  Kansas,  Colorado,  east  of  a  north 
and  south  Une  through  Denver,  Iowa,  Minnesota,  Wisconsin,  Missouri; 
north  of  a  Hne  through  Kansas,  Jefferson  City  and  St.  Louis,  Illinois; 
north  of  a  line  from  Chicago  through  Peoria  to  Keokuk. 

Eastern  Canadian  Passenger  Association: 

Canadian  territory  east  of  and  including  Port  Arthur,  Sault  Ste.  Marie, 
Sarnia  and  Windsor,  Ont. 


MEETING  IN    GREAT   BRITAIN 

JOINT  MEETING  OF  THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 
AND  THE  INSTITUTION   OF  MECHANICAL  ENGINEERS 

The  Society  has  received  an  invitation  from  The  Institution  of 
Mechanical  Engineers  of  Great  Britaui  to  hold  a  joint  meeting  with 
them  in  the  Summer  of  1910.  The  letter  of  invitation  and  President 
Smith's  reply  follow: 

The  Institution  of  Mechanical  Engineers 
Storey's  Gate,  St.  James  Park,  Westminster,  S.  W. 

nth  September,   1909. 
Dear  Mr.  President: 

At  a  Meeting  of  the  Council  of  this  Institution  held  today,  the  following  Reso- 
lutionwas  unanimously  passed: 

"  That  a  very  hearty  invitation  be  sent  to  The  American  Society  of  Mechanical 
Engineers  to  participate  in  a  Joint  Meeting  in  England  with  the  Institution  of 
Mechanical  Engineers,  and  that  the  Meeting  be  held  in  the  Summer  of  1910,  if 
possible  during  the  last  week  in  July. " 

I  need  scarcely  say  how  warmly  the  subject  was  supported  by  those  present, 
especially  as  the  Council  had  learnt  from  the  Committee  appointed  to  confer  with 
Mr.  H.  deB.  Parsons,  the  special  representative  of  your  Society,  the  cordiality 
with  which  the  idea  had  been  taken  up  by  your  Members. 

We  hope  that  we  may  be  favored  with  the  presence  of  yourself,  your  Council, 
and  many  of  your  Members  at  the  proposed  Meeting. 
With  all  good  wishes,  we  are. 

Yours  very  truly, 

John  A.  F.  Aspinall 

President 
Edgar   Worthington 

Secretary 
The  President 

The  American  Society  of  Mechanical  Engineers 
29  West  39th  Street,  New  York,  U.  S.  A. 


The  American  Society  of  Mechanical  Engineers 
29  West  39th  Street,  New  York,  U.  S.  A. 
Dear  Mr.  President: 

The  Council  of  The  American  Society  of  Mechanical  Engineers  has  considered 
the  very  cordial  invitation  of  The  Institution  of  Mechanical  Engineers,  to  hold  a 
joint  meeting  in  England  in  the  summer  of  1910,  conveyed  by  your  letter  of  Sep- 
tember 17. 
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The  Council  was  unanimous  in  the  acceptance  of  the  invitation  and  bids  me 
convey  to  you  its  action  as  follows: 

"  Resolved, — That  The  American  Society  of  Mechanical  Engineers  accept  the 
very  cordial  invitation  of  The  Institution  of  Mechanical  Engineers,  to  hold  a  joint 
meeting  in  England  in  the  Summer  of  1910.  The  Council  feels  that  the  interests 
of  Engineering  throughout  the  World  will  assuredly  be  advanced  by  the  giving 
and  the  acceptance  of  this  invitation; — an  evidence  of  an  increasing  cooperation 
among  the  various  societies  representing  the  Profession  of  Engineering." 

In  conveying  this  resolution  of  the  Council  permit  us  to  inform  you  of  the 
universal  cordiality  with  which  the  invitation  has  been  received  both  by  the 
Council  and  by  the  Members  of  the  Society.  It  is  the  expectation  that  a  repre- 
sentative delegation  of  the  Society  will  be  present  at  the  meeting. 

Please  accept  our  expressions  of  sincere  good  will. 


.Jesse  M.  Smith 
Calvin  W.  Rice 


President 
Secretary 


To  The  President 

The  Institution  of  Mechanical  Engineers 
London,  England 

Fuller  details  of  the  meeting  will  be  sent  out  shortly  to  the 
entire  membershi}"),  with  reply  cards,  to  enable  the  Executive  Com- 
mittee who  have  the  matter  in  hand  to  estimate  the  number  of  mem- 
bers who  may  possibly  wish  to  participate  in  this  extraordinary 
opportunity  for  professional  and  social  meetings  with  a  sister  society. 

The  meetings  will  begin  July  26,  and  conclude  on  July  29. 

Interesting  special  exhibitions  are  to  take  place  in  Brussels,  Diissel- 
dorf  and  other  citiCs,  and  the  Passion  Play  will  be  produced  next 
year  at  Oberammergau,  for   the  first  time  in  ten  years. 

A  considerable  number  of  the  representative  members  of  the  Society 
and  ladies  have  already  signified  their  intention  of  going,  so  that 
the  undertaking  is  now  an  assured  success. 


OCTOBER  MEETINGS  OF  IHE  SOCIETY 

NEW  YORK,  OCTOBER  12 

At  the  meeting  of  the  Society  held  October  12  in  the  lecture  room 
on  the  fifth  floor  of  the  Engineering  Societies'  Building,  Prof.  R.  C. 
Carpenter  presented  his  paper  on  The  High-Pressure  Fire-Service 
Pumps  of  Manhattan  Borough,  City  of  New  York.  Pres.  Jesse  M. 
Smith  presided.     The  attendance  was  192. 

Secretary  Calvm  W.  Rice  announced  the  meetings  of  the  Society 
in  St.  Louis  on  October  16  and  in  Boston  on  October  20,  and  the 
invitation  of  the  Institution  of  Mechanical  Engineers  to  hold  a  joint 
session  with  them  from  July  26  to  July  29,  1910.  The  President 
then  introduced  the  following  Japanese  commissioners  visiting  the 
United  States  to  study  various  industries:  Dr.  Ryota  Hara,  doctor 
of  engineering  and  chief  engineer  of  Yokohama;  Rinnosuke  Hara, 
of  the  Japanese  Architectural  Society;  Junkichi  Tanabe,  of  Tokyo, 
of  the  Institute  of  Japanese  Architects;  and  Narazo  Takatsuji,  direc- 
tor of  a  large  spinning  factory.  A  telegram  of  regret  was  received 
from  Kojiro  Matsukata,  the  leading  shipbuilder  of  Japan. 

So  large  a  number  of  the  members  identified  with  the  centrifugal 
pump  industry  had  manifested  a  desire  to  discuss  the  paper  that 
the  pump  feature  of  the  paper  was  emphasized.  Those  participating 
in  the  discussion  are  considered  authorities  in  the  design  and  opera- 
tion of  centrifugal  pumps  and  many  interesting  facts  were  brought 
out  in  regard  to  the  efficiency  of  the  New  York  fire  pumps  and  of 
centrifugal  pumps  in  general.  Representatives  from  the  department 
of  water  supply,  gas  and  electricity  also  contributed  to  the  interest 
of  the  discussion,  speaking  from  the  standpoint  of  reliability  and  of 
distribution. 

Those  taking  part  in  the  discussion  were:  Prof.  Geo.  F.  Sever, 
William  M.  White,  Geo.  L.  Fowler,  John  H.  Norris,  J.  R.  Bibbins,  J. 
J.  Brown,  Geo.  A.  Orrok,  Frederick  Ray,  H.  Y.  Haden,  Thos.  J. 
Gannon,  Henry  B.  Machen,  Richard  H.  Rice,  Chas.  A.  Hague.  Writ- 
ten discussions  were  submitted  by:  A.  C.  Paulsmeier,  Prof.  W.  B. 
Gregory,  Wm.  0.  Webber  and  Chas.  B.  Rearick. 
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At  the  close  of  the  discussion  Mr.  White  showed  a  number  of  lantern 
slides  giving  efficiency  curves  of  various  pumps  designed  by  the  I.  P. 
Morris  Co.,  Philadelphia,  Pa. 

Mr.  Fowler,  with  the  aid  of  lantern  slides,  described  the  work  of 
centrifugal  pumps  in  dredging,  and  exhibited  the  following  as  evi- 
dence of  the  great  suction  capacity  of  these  pumps: 

A  piece  of  shaft  weighing  70  lb.  raised  and  passed  by  a  15-in.  dredging  pump; 
improvement  of  New  York  Harbor,  Steamer  Reliance. 

A  piece  of  tree  root  raised  and  passed  by  a  12-in.  pump  from  14  ft.  of  water  at 
Miami,  Fla.;  Florida  East  Coast  Railway  Company  improvements. 

Apiece  of  pig  iron  measuring  11^  in.by4|  in.  by  S^in.  and  weighing 35  lb.,  raised 
and  passed  by  a  8-in.  special  cataract  wrecking  pump  from  15  ft.  of  water  from 
the  wreck  of  a  canal  boat  sunk  at  Puas  Dock,  Yonkers,  N.  Y.,  by  the  Baxter 
Wrecking  Company,  New  York. 

MEETING,   AM.SOC.M.E.,  ENGINEERS'   CLUB   OF  ST.   LOUIS, 
ST.   LOUIS,  OCTOBER  16 

The  first  meeting  of  the  two  societies  was  held  at  the  rooms  of  the 
Engineers'  Club  of  St.  Louis  at  8.15,  Saturday  evening,  October 
16,  under  the  direction  of  William  H.  Bryan,  Chairman,  M.  L.  Hol- 
man  and  E.  L.  Ohle,  Secretary,  of  the  local  joint  committee. 

A  letter  from  President  Jesse  M.  Smith  was  presented,  indicating 
the  sentiment  of  the  Society  towards  local  meetings.  This  was 
responded  to  briefly  by  President  E.  E.  Wall,  of  the  Engineers'  Club 
of  St.  Louis,  who  reciprocated  the  sentiments  of  President  Smith,  and 
emphasized  his  belief  in  the  §,dvantages  of  cooperation. 

Prof.  R.  C.  Carpenter  of  Cornell  then  presented  in  abstract  his 
paper  on  The  High-Pressure  Fire-Service  Pumps  of  Manhattan 
Borough,  City  of  New  York,  accompanying  it  by  running  comments 
and  comparisons. 

He  was  followed  by  Horace  S.  Baker,  Assistant  Engineer  of  the  City 
of  Chicago,  who  presented  the  results  of  recent  study  with  a  view 
of  adopting  high-pressure  service.  His  talk  was  illustrated.  E.  E. 
Wall,  assistant  water  commissioner.  City  of  St.  Louis,  outlined  the 
plan  proposed  for  high -pressure  fire  service  in  St.  Louis.  He  was 
followed  by  H.  C.  Henley,  chief  inspector,  St. Louis  fire  prevention 
bureau,  and  vice-president  of  the  National  Fire  Protection  Associa- 
tion, expressing  views  of  the  fire  insurance  authorities,  entirely  favor- 
able to  the  installation  of  such  systems  when  properly  designed  and 
operated.  Chas  E.  Swingley,  chief  of  the  St.  Louis  fire  department,  on 
invitation,  responded  briefly  to  the  effect  that  such  systems  were  of 
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undoubted  advantage  in  the  congested  districts  of  large  cities,  and 
expressed  the  hope  that  something  might  be  done  soon  along  this 
line  in  St.  Louis.  There  was  further  brief  discussion  by  Edw.  Flad, 
Prof.  W.  H.  Hibbard,  and  H.  C.  Toensfeldt. 

Luncheon  was  served  by  the  Engineers'  Club  of  St.  Louis.  The 
attendance  was  100. 

MEETING   AM.SOC.M.E.,    BOSTON    SOCIETY   OF   CIVIL  ENGINEERS, 
BOSTON,    OCTOBER    20 

On  Wednesday  evening,  October  20,  a  joint  meeting  of  the  Society 
with  the  Boston  Society  of  Civil  Engineers  was  held  in  the  latter 
society's  rooms,  Tremont  Temple,  Boston,  Mass. 

Chas.  T.  Main,  vice-president  of  the  Boston  Society  of  Civil  Engi- 
neers, presided.  Following  the  routine  business  of  the  Society  of 
Civil  Engineers,  Mr.  Main  read  a  letter  from  Jesse  M.  Smith,  President 
of  The  American  Society  of  Mechanical  Engineers,  regretting  that 
he  could  not  be  present  at  the  meeting,  and  wishing  the  Boston 
members  success  for  their  coming  meetings.  An  announcement  was 
also  read  of  the  next  meeting  in  Boston  of  The  American  Society  of 
Mechanical  Engineers,  to  be  held  in  Room  6  of  the  Lowell  Building, 
Massachusetts  Institute  of  Technology,  November  17;  full  announce- 
ment appears  elsewhere  in  The  Journal. 

A  paper  by  Gaetano  Lanza,  professor,  and  Lawrence  F.  Smith, 
instructor  at  the  Massachusetts  Institute  of  Technology,  on  Stresses 
in  Reinforced  Concrete  Beams,  was  read  by  the  former.  Following 
the  presentation  of  the  paper,  a  discussion  by  J.  R.  Worcester  was 
read  in  his  absence  by  Mr.  Tinkham,  Secretary  of  the  Society  of 
Civil  Engineers.  Sanford  Thompson,  Fred  S.  Hines,  Henry  Bryant 
and  Geo.  F.  Swain  contributed  oral  discussions. 

The  total  attendance  at  the  meeting  was  ISO,  of  whom  60  were 
members  of  the  Society  of  Civil  Engineers,  50  were  members  of  The 
American   Society   of   Mechanical  Engineers   and   70   were  guests. 

MEETING  OF  THE  COUNCIL 

A  meeting  of  the  Council  was  held  on  October  12,  1909,  in  the 
rooms  of  the  Society,  Jesse  M.  Smith,  President,  presiding.  There 
were  present:  Messrs.  Breckenridge,  Carpenter,  Gantt,  Sando,  Hump- 
phries,  Hunt,  Miller,  Moultrop,  Waitt,  Whyte  and  the  Secretary.  A 
letter  of  regret  was  received  from  G.  M.  Basford. 
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The  deaths  of  the  following  were  reported;  Archibald  W.  Blair,  T. 
Hallett  Briggs,  Robert  Hoe,  R.  B.  Lincoln,  George  W.  West. 

The  following  resignations  were  accepted:  R.  T.  Close,  Samuel  G. 
Colt,  H.  Harcourt  Dixon,  Wm.  L.  Draper,  Walter  Flint,  T.  A.  Hilles, 
Edmund  Kent,  W.  P.  Norton,  F.  J.  Plummcr,  Edward  I;.  Ross, 
Lucien  N.  Sullivan. 

The  Council  confirmed  the  appointment  of  Honorary  Vice-Presi- 
dents as  follows:  National  Conseivation  Congress,  Seattle,  Wash.,  R. 
M.  Dyer,  M.  K.  Rodgers,  W.  F.  Zimmermann;  American  Mining 
Congress,  Goldfield,  Nev.,  Dr.  J.  A.  Holmes. 

Jaipanese  Honorary  Commercial  Comviission.  The  President  re- 
ported that  he  and  the  Secretary  had  called  upon  the  Japanese  Honor- 
ary Commercial  Commission  and  extended  to  them  the  courtesies  of 
the  Library  and  the  rooms  of  the  Society  and  that  he  had  invited 
the  engineer  members  of  the  Commission  to  attend  the  meeting  of 
the  Society  that  evening. 

EXECUTIVE     COMMITTEE 

Professional  records,  September  1909.  The  Council  approved  of  the 
applications  for  membership  as  shown  in  the  professional  service 
sheet  of  September  1909  and  under  By-Law  2  gave  specific  approval 
of  tlie  following  applicants  who  do  not  live  in  the  United  States: 
Arthur  N.  Blum,  Luis  Alberto  Carbo,  Louis  Edward  Polhemus,  Henry 
Terry  Purdy,  Mark  Robmson. 

COMMITTEE    ON    CONSTITUTION    AND    BY-LAWS 

The  following  amendments  recommended  by  the  Committee  on 
Constitution  and  By-Laws  were  approved: 

Trustee  of  the  United  Engineering  Society: 

B-  The  Council  shall,  previous  to  January  1  of  each  year,  elect  a  trustee  to 
serve  for  a  term  of  three  years  on  the  Board  of  Trustees  of  the  United  Engineer- 
ing Society.     No  trustee  shall  be  eligible  for  more  than  two  years  consecutively. 

Expenses  of  Section  Meetings: 

R24  Expenditures  for  the  purposes  of  a  section  chargeable  to  the  Society 
shall  be  authorized  by  the  Secretary  of  the  Society  before  they  are  incurred,  and 
must  be  provided  for  in  the  estimate  and  budget  of  the  Committee  on  Meetings. 
No  lial)ility  otherwise  incurred  shall  be  binding  on  the  Society.  Any  expendi- 
ture not  so  provided  shall  be  met  by  the  section  itself. 
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The  Journal: 

B-  The  Council  shall  institute  a  monthly  pubhcation  to  be  called  "The 
Journal, "  which  shall  be  under  the  management  of  the  Secretfiry,  who  shall  act 
under  the  general  supervision  of  the  Publication  Committee,  subject  to  approval 
by  the  Council  as  to  the  policy  thereof  and  the  expenditures  therefor.  The 
annual  subscription  price  of  The  Journal  to  each  member  is  five  dollars,  and  is 
included  in  the  annual  dues  of  such  member. 

Election  of  members: 

B6  The  Secretary  shall  mail  at  least  thirty  days  in  advance  of  each  annual 
or  semi-annual  meeting  to  each  member  entitled  to  vote,  a  ballot  stating  the 
names  and  the  respective  grades  of  the  candidates  for  membership  in  the  Society 
which  have  been  approved  by  the  Council,  and  the  time  of  the  closure  of  the 
voting.  The  voter  shall  prepare  his  ballot  by  crossing  out  the  name  of  any  candi- 
date rejected  by  him,  and  shall  enclose  said  ballot  in  an  envelope  and  seal  the  same; 
he  shall  then  enclose  said  envelope  in  a  second  envelope  marked  "Ballot  for  Mem- 
bers, "  and  seal  the  same,  and  he  shall  then  write  his  own  name  thereon  for  iden- 
tification. The  ballot  thus  prepared  and  enclosed  shall  be  mailed  or  dehvered 
unopened  to  the  tellers  of  election.  The  Secretary  shall  certify  to  the  compe- 
tency and  the  signature  of  all  voters.  A  ballot  without  the  autographic  endorse- 
ment of  the  voter  written  on  the  outer  envelope  is  defective,  and  shall  be  rejected 
by  the  tellers  of  election. 

B7  The  voting  for  the  election  of  members  shall  close  at  twelve  o'clock  noon 
five  days  in  advance  of  the  day  on  which  the  annual  or  semi-annual  meeting 
begins.  The  tellers  of  election  shall  first  open  and  destroy  the  outer  envelopes, 
and  shall  then  open  the  inner  envelopes  and  canvas  the  ballot,  and  certify  the 
result  to  the  President  or  presiding  officer  of  the  Society,  at  the  first  session  of 
the  curi'ent  meeting  of  the  Society.  The  tellers  shall  not  receive  any  ballot  after 
the  stated  time  for  the  closure  of  the  voting. 

Election  of  Officers: 

B12  The  Secretary  shall  mail  on  or  before  the  last  Thursday  in  October  of 
each  year  to  each  member  entitled  to  vote,  a  ballot  stating  the  names  of  the 
candidates  for  the  several  offices  falling  vacant,  and  the  time  of  the  closure  of 
the  voting.  The  voter  shall  prepare  his  ballot  by  crossing  out  the  name  of  any 
candidate  or  candidates  rejected  by  him,  and  may  write  in  the  name  of  any 
eligible  member  of  the  Society.  The  voter  shall  enclose  said  ballot  in  an  envelope 
and  seal  the  same.  He  shall  then  enclose  the  sealed  envelope  in  a  second  envelope 
marked  "Ballot  for  Officers,"  seal  the  same,  and  shall  then  write  his  name  thereon 
for  identification.  The  ballot  thus  prepared  and  enclosed  shall  be  mailed  or  delivered 
unopened  to  the  tellers  of  election.  The  Secretary  shall  certify  to  the  competency 
and  signature  of  all  voters.  A  ballot  without  autographic  endorsement  of  the 
voter  written  on  the  outside  envelope  is  defective,  and  shall  be  rejected  by  the 
tellers  of  election.  A  ballot  which  contains  more  names  than  there  are  offices 
to  be  filled  is  thereby  defective,  and  shall  be  rejected  by  the  tellers. 

B13  The  voting  for  the  election  of  officers  shall  close  at  twelve  o'clock  noon 
on  the  Thursday  preceding  the  first  Tuesday  of  December  in  each  year.     The 
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tellers  shall  not  receive  any  ballot  after  the  stated  time  for  the  closure  of  the 
voting.  The  tellers  of  election  shall  first  open  and  destroy  the  outer  envelopes 
and  shall  then  open  the  inner  ones,  canvass  the  ballots  and  certify  the  result  to 
the  President,  at  the  first  session  of  the  current  meeting  of  the  Society.  The 
presiding  officer  shall  then  announce  the  candidates  having  the  greatest  number 
of  votes  for  their  respective  offices,  and  declare  them  elected  for  the  ensuing 
year. 

B34  The  President  shall  on  or  before  the  last  Thursday  in  October  of  each 
year,  appoint  three  tellers  of  election  of  officers,  whose  duty  shall  be  to  canvass 
the  votes  cast,  and  certify  the  same  to  the  President  at  the  first  session  of  the 
annual  meeting.  Their  term  of  office  shall  terminate  when  their  report  of  the 
canvass  has  been  presented  and  accepted. 

Library  of  the  Society: 

R16  The  Library  of  the  Society  shall  be  conducted  as  a  free  public  reference 
library  of  engineering  and  the  allied  arts  and  sciences.  It  shall  be  open  on  all 
week  days  between  the  hours  of  9  a.m.  and  9  p.m.,  except  New  Year's,  Indepen- 
dence, Thanksgiving  and  Christmas  days.  The  rooms  of  the  Society  shall  be 
open  for  the  use  and  the  convenience  of  members  during  the  usual  business  hours. 

Library  Committee: 

B27  The  Library  Committee  shall  consist  of  five  persons  who  shall  be  Mem- 
bers, Associates  or  Juniors.  The  term  of  office  of  one  member  of  the  Committee 
shall  expire  at  the  end  of  each  annual  meeting.  It  shall  be  the  duty  of  the 
Library  Committee  to  cooperate  with  similar  committees  of  the  American  Insti- 
tute of  Electrical  Engineers  and  the  American  Institute  of  Mining  Engineers, 
in  the  care  and  development  of  a  library.  At  the  end  of  each  fiscal  year  the 
committee  shall  deliver  to  the  Secretary  a  detailed  report  of  its  work. 

Bouse  Committee: 

B28  The  House  Committee  shall  consist  of  five  persons  who  shall  be  Members, 
Associates  or  Juniors.  The  term  of  office  of  one  member  of  the  Committee  shall 
expire  at  the  end  of  each  annual  meeting.  It  shall  be  the  duty  of  the  House 
Committee  to  have  the  care,  management  and  maintenance  of  the  Rooms  of 
the  Society  and  furnishings,  the  historical  relics,  the  paintings,  and  objects  of 
art,  and  to  recommend  to  the  Council  suitable  regulations  for  their  care  and  use. 
At  the  end  of  each  fiscal  year,  the  committee  shall  dehver  to  the  Secretary  a 
detailed  report  of  its  work. 

Author's  Copies: 

The  Secretary  may  furnish  to  the  author  twerty  copies  of  his  paper  without 
charge.  The  Secretary  may  furnish  to  the  technical  press  such  papers  as  they 
may  wish  to  publish  which  have  been  published  in  The  Journal. 

Fees: 

B18  The  initiation  fees  and  annual  dues  of  the  first  year  shall  be  due  and 
payable  on  notice  of  election  to  membership,  and  upon  that  payment  the  member 
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shall  be  entitled  to  the  Transactions  for  the  year.  Thereafter  the  annual  dues 
shall  be  due  and  payable  on  the  first  day  of  October  in  each  year  for  the  ensuing 
twelve  months. 

B19  A  member  in  arrears  for  dues  for  one  year  shall  not  be  entitled  to  vote. 
Should  the  right  to  vote  be  questioned,  the  books  of  the  Society  shall  be  conclu- 
sive evidence.  The  resignation  of  a  Member  indebted  to  the  Society  shall  not 
be  accepted. 

Voted:  To  approve  the  following  directions  to  the  Secretary: 

That  the  Secretary  be  instructed  to  print  on  each  ballot  the  date 
of  closure  of  voting,  and  a  reference  to  the  By-Law  that  the  ballot 
will  not  be  canvassed  if  not  received  at  that  time,  and  to  include  a 
statement  urging  every  member  to  cast  a  vote. 

That  the  Secretary  shall  mail  on  or  before  the  last  Thursday  of 
October  of  each  year  to  each  member  entitled  to  vote,  a  ballot  stat- 
ing the  names  of  the  several  candidates  for  offices  proposed  for 
election  by  the  Nominating  Committee  or  committees,  and  specify- 
ing the  number  of  officers  to  be  elected  and  the  time  of  the  closure 
of  the  voting. 

Revision  of  the  Constitution 

Voted:  That  when  final  action  on  the  Constitution  and  By-Laws 
is  taken,  the  necessary  re-arrangement,  re-numbering,  etc.,  be  made. 

Voted:  To  request  the  Committee  on  Constitution  and  By-Laws  to 
go  over  the  entire  Constitution  and  By-Laws  and  also  the  amend- 
ments considered  above  and  in  such  places  where  there  is  a  distinction 
made  between  President  and  Presiding  Officers,  the  Committee 
rephrase  the  language  to  make  it  consistent  and  report  to  the  Council 
at  the  next  meeting. 

FINANCE    COMMITTEE 

Voted:  To  approve  the  following  motions  from  the  Minutes  of  the 
Finance  Committee,  October  1909: 

"  Voted:  The  Finance  Committee  recommend  to  the  Council  that  transfers 
be  made  of  unexpended  appropriations  and  also  additional  appropriations  accord- 
ing to  attached  list,  to  meet  the  excess  in  expenditures  of  the  various  committees 
for  the  fiscal  year  ending  September  30,  1909,  these  appropriations  all  being 
within  the  current  incomte  for  the  year,  leaving  a  total  unexpended  and  unappro- 
priated income  of  $1,639.18. 

"Voted:  That  the  excess  of  current  income  ($1,639.18)  over  current  expense 
for  the  fiscal  year  1908-1909  be  appUed  to  the  reduction  of  the  account,  Advances 
Preliminary  to  Advertising." 
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Voted:  To  cancel  the  unexpended  appropriation  of  the  Increase  of 
Membership  Committee,  $368.48,  and  the  Library  Committee,  $464.16, 
by  crediting  the  same  to  the  appropriations  for  the  other  committees. 

Voted:  To  approve  the  additional  appropriations  to  the  amount  of 
$10,734,99,  the  same  being  within  the  income  of  the  Society,  for  the 
work  of  the  year  just  closed,  as  follows: 

Finance  Committee $2012 .  27 

Membership  Committee 392 .  36 

House  Committee 390 .  76 

Meetings  Committee 759 .  73 

Publication  Committee 4099 .68 

Research  Committee 0 .  58 

Sales— Expenditures 3901 .  00 

Committee  on  Power  Tests 11 .  25 

$11,567.63 

Available  Balances: 

Increase  of  Membership  Committee 368 .48 

Library  Committee 464 .  16  -          832 .  64 


Appropriation  required $10,734.99 

Total  unappropriated  income 12,374 .  17 

Excess  of  income  over  expenditures 1,639 .  18 

Budget  for  1910.  The  budget  for  the  fiscal  year  1909-1910  as 
recommended  by  the  Finance  Committee  was  approved  by  the 
Council  as  follows: 

Current  Income  Current  Expense 

estimate  1909-10 

Dues  Current $50,000 

Dues  arrears 2,000 

Reserve  fund,  10  per  cent ....  3,400 

Sales  gross  receipts 5,000 

Interest 2,200 

Advertising 21,000 


$83,600 


Excess  of  income  over  expenses. 


Finance  Committee 

.    $26,000 

Membership  Committee  ... 

2,400 

Increase  Committee , 

500 

House  Committee , 

1,150 

Library  Committee 

2,880 

Meetings  Committee 

8,050 

PubUcation  Committee 

34,900 

Research  Committee 

500 

Executive  Committee 

600 

Committee  on  Power  Tests .  . 

500 

Sales  Expenditures 

3,000 

$80,480 

3,120 

$83,600 
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Voted:  To  adopt  the  recommendation  of  the  Finance  Committee 
as  follows:  That  Finance  Committee  be  requested  to  investigate  the 
financial  situation  of  the  Society  and  make  a  report  to  the  Council. 

MEMBERSHIP    COMMITTEE 

Voted:  To  approve  under  C16,  upon  the  request  of  Herbert  J. 
White  and  the  recommendation  of  the  Membership  Committee,  the 
placing  of  his  name  again  on  the  ballot  for  membership,  for  the  annual 
meeting  1909. 

Voted:  To  approve  the  request  of  July  28,  1909,  of  F.  W.  Jackson, 
as  approved  by  the  Membership  Committee,  for  reinstatement  in  the 
Society,  to  date  from  October  1,  1909. 


JOHN  STEVENS'  PART  IN  THE  DEVELOPMENT 
OF  STEAM  NAVIGATION 

The  City  of  Hoboken,  N.  J.,  on  the  evening  of  October  7,  cele- 
brated its  connection  with  the  progress  in  steam  navigation  through 
the  work  of  Col.  John  Stevens  and  his  sons,  Robert  L.  and  Edwin 
A.  Stevens.  The  local  celebration  committee  had  arranged  to 
exhibit  on  floats  the  models  of  the  Plnmix,  built  by  John  Stevens, 
and  of  John  Fitch's  boat,  loaned  to  The  American  Society  of  Mechan- 
ical Engineers  by  the  Smithsonian  Institution.  John  Stevens  and 
his  sons  played  such  an  important  part  in  the  development  of  steam 
navigation  and  steam  railroads  that  a  brief  history  of  their  work 
is  given  here. 

John  Stevens  was  born  in  New  York  in  1749.  Graduating  from 
Kings  College,  now  Columbia  University,  in  1768,  he  studied  law  and 
was  admitted  to  the  bar.  He  served  with  distinction  in  the  Revolu- 
tion and  was  at  one  time  treasurer  of  New  York  state.  His  winter 
home  was  on  Broadway,  New  York,  and  his  summer  residence  at 
Hoboken,  N.  J.,  then  an  island.  Having  ample  means,  he  was  not 
hampered  in  his  steamboat  experiments. 

One  writer  states  that  Stevens  was  first  attracted  to  steamboat 
development  when  he  saw  Fitch's  boat  on  the  Collect  Pond  in  New 
York  City  in  1796.  Another  writer  places  the  time  in  1787,  when 
Stevens  saw  Fitch's  boat  on  the  Delaware  near  Burlington,  N.  J. 

That  he  also  followed  Rumsey's  experiments  with  interest  is  shown 
by  a  letter  to  Rumsey  in  1788,  in  which  he  writes:  "  Your  invention  of 
generating  steam  by  means  of  a  worm  is  certainly  of  the  utmost 
importance,  but  more  particularly  when  applied  to  the  purposes  of 
navigation. "  Stevens  then  describes  a  boiler  to  be  formed  of  a  helix 
of  copper  pipe,  suspended  in  a  cylindrical  stove,  the  turns  of  the  helix 
to  lie  close  so  as  to  prevent  air  and  smoke  passing  between  them. 
From  the  top  of  the  'Svorm"  a  flue  extended  12  or  18  in.  above  the 
stove.  Fuel  was  placed  on  a  grate  in  the  upper  part  of  the  stove, 
around  the  flue.  The  path  of  the  air  was  downward  through  the 
fire,  the  gases  passing  around  the  worm  to  the  bottom  of  the  stove  and 
up  the  inside  and  through  the  flue. 
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On  January  9,  1789,  Stevens  applied  to  the  New  York  legislature 
for  "an  exclusive  privilege  to  build  steamboats  on  a  plan  lately  by 
him  invented."  In  his  petition  he  said  that  "to  the  best  of  his 
knowledge  and  Belief,  his  Scheme  is  altogether  new,  or  at  least  does 
not  interfere  with  the  Inventions  of  either  of  the  Gentlemen  (  prob- 
ably Fitch  and  Rumsey)  who  have  applied  ....  for  an  exclusive 


Twin-Screw  Engine  and  Boiler  Built  by  Col.  John  Stevens  in  1804. 
View  Taken  from  near  the  Bow  Looking  Toward  the  Stern 

Right  of  navigating  by  means  of  Steam."  He  prays  "That  in  case 
his  machine  should  appear  to  be  a  new  and  useful  Invention  that  the 
Honorable  the  Legislature  would  be  pleased  to  grant  to  him  an  exclu- 
sive privilege  and  Right  of  using  the  same  for  the  purpose  of  naviga- 
tion throughout  the  State  of  New  York  for  such  terms  of  Years  as 
shall  seem  meet. "' 
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The  petition  was  read  and  referred  to  the  committee  considering 
Rumsey's  petition  for  a  monopoly  which  had  been  filed  previously. 
Rumsey's  petition  was  granted,  doubtless  solely  on  the  fact  of  prior- 
ity of  presentation. 

In  1790  John  Stevens  petitioned  Congress  for  the  formulation  of  a 
patent  law,  and  it  was  on  this  petition,  saj^s  Dr.  J.  E.  Watkins,  that 
the  law  of  1790,  the  foundation  of  the  American  patent  system,  was 
framed. 

In  1792  Stevens  took  out  patents  for  propelling  vessels  by  steam 
pumps  modified  from  the  original  steam  pumps  of  Savary.  In  1798 
an  experimental  boat  of  30  tons  was  tried  on  the  Passaic  River,  in 
New  Jersey,  "  a  horizontal  centrifugal  wheel  drawing  water  from  the 
bottom  of  the  boat  and  discharging  it  at  the  stern.  "  In  these  experi- 
ments Stevens  was  associated  with  Nicholas  J.  Roosevelt,  Isambard 
Brunei,  an  exiled  French  royalist,  and  Chancellor  Robert  R.  Living- 
ston, Stevens'  brother-in-law.  It  is  said  that  in  the  same  year,  a  boat 
was  successfully  tried  on  the  Hudson,  but  details  are  not  given. 

Stevens'  experiments  in  screw  propulsion  began  in  ISOl,  continu- 
ing until  some  time  in  1806.  Stevens  believed  himself  to  be  the  in- 
ventor of  screw  propulsion,  but,  as  one  of  his  descendants,  Francis 
B.  Stevens,  writes,  he  was  mistaken.  It  was  proposed  by  the  math- 
ematician Bernouli  in  1752,  and  was  described  by  Bushnell  in  1787 
in  a  letter  to  Thomas  Jefferson,  describing  a  submarine  boat  to  which 
was  attached  a  screw  propeller  worked  by  hand. 

The  engines  used  in  1802,  1808  and  1804  were  all  non-condensing, 
the  boilers  being  multitubular  and  generating  steam  at  high  pressure. 
The  propeller  was  of  the  short  4-blade  type  now  in  common  use. 
The  engine  and  the  results  obtained  with  it  are  described  in  a  letter 
from  Stevens  to  the  Medical  and  Philosophical  Journal  of  New  York, 
January  1812: 

"A  cylinder  of  brass,  about  8  in.  in  diameter,  and  4  in.  long,  was  placed  horizon- 
tally on  the  bottom  of  the  boat;  and  by  the  alternate  pressure  of  the  steam  on 
two  sliding  wings,  an  axis  passing  through  its  center  was  made  to  revolve.  On  one 
end  of  this  axis,  which  passed  through  the  stern  of  the  boat,  wings,  like  those  on 
the  arms  of  a  windmill,  were  fixed,  adjusted  to  the  most  advantageous  angle  for 
operating  on  the  water. 

"This  constituted  the  whole  of  the  machinery.  Working  with  the  elasticity 
of  the  steam  merely,  no  condenser,  no  air  pump  was  necessary;  and  as  there  were 
no  valves,  no  apparatus  was  required  for  opening  and  shutting  them.  This  sim- 
ple Uttle  steam  engine  was,  in  the  summer  of  1802,  placed  on  board  a  flat-bottomed 
boat  I  had  built  for  the  purpose.  This  boat  was  25  ft.  long,  and  about  5  or  6  ft. 
wide.     She  was  occasionally  kept  going  until  the  cold  weather  stopped  us.     When 
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the  engine  was  in  the  best  order,  the  velocity  was  about  4  miles  an  hour.  I 
found  it,  however,  impracticable,  on  so  contracted  a  scale,  to  preserve  due  tight- 
ness in  the  packing  of  the  wings  in  the  cylinder  for  any  length  of  time.  This 
defect  determined  me  to  resort  again  to  the  reciprocating  engine." 

In  the  same  letter  he  describes  another  experiment  as  follows : 

'■  The  unsuccessful  experiment  in  which  I  had,  as  above  stated,  been  engaged  in 
conjunction  with  Chancellor  Livingston  and  Mr.  Roosevelt,  had  taught  me  the 


Another  View  of  Col.  John  Stevens'  Twin-Screw  Engine 


indispensable  necessity  of  guarding  against  the  injurious  effects  of  partial  pres- 
sure. [By  this  term,  he  alluded  to  the  imperfect  bracing  between  the  cyUnder 
and  shaft.]  And  accordingly  I  constructed  an  engine,  although  differing  much 
from  those  described  in  the  specifications  of  my  patents,  yet  so  modified,  as  to 
embrace  completely  the  principle  stated  therein.  During  the  winter,  this  small 
engine  was  set  up  in  a  shop  I  then  occupied  at  the  Manhattan  Works,  and  con- 
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tinued  occasionally  in  operation  until  spring,  when  it  was  placed  on  board  the 
above  mentioned  boat,  and  by  means  of  bevel  cog  wheels,  it  worked  the  axis  and 
wings  above  mentioned  and  gave  the  boats  somewhat  more  velocity  than  the  rotary 
engine.  But  after  having  gone  some  time,  in  crossing  the  river,  with  my  son  on 
board,  the  boiler,  which  was  constructed  of  small  tubes  inserted  at  each  end  into 
metal  heads,  gave  way  so  as  to  be  incapable  of  reparation." 

To  overcome  the  tendency  of  the  boat  with  a  single  propeller  to 
turn  in  a  circle,  it  was  fitted  with  two  screws,  revolving  in  opposite 
directions.  One  of  the  ends  sought  by  Stevens  was  a  high-speed 
engine  connected  directly  to  the  propeller  shaft.  The  reason  for  the 
abandonment  of  the  plan  of  screw  propulsion  is  explained,  writes  F. 
B.  Stevens,  by  an  inspection  of  the  rude  workmanship  of  the  twin- 
screw  engine,  as  well  as  that  of  the  boiler. 

"  There  were  no  tools  or  competent  workmen  in  America  at  that  date  to  properly 
construct  the  steam  engines  and  the  boilers  that  he  planned  between  1800  and 
1806.     Success  was  impossible. 

"  When  he  finally  realized  this,  unwearied  by  his  attempts  to  introduce  steam 
navigation,  dating  from  the  year  1791,  he  reverted  to  the  paddle  wheel,  with  its 
slow-moving  engine,  and  with  the  boilers  then  in  use,  carrying  steam  at  the  pres- 
sure of  two  or  three  pounds  above  the  atmosphere.  He  was  engaged  in  building 
the  "  Phoenix"  when  Fulton  arrived  from  Europe  with  the  engine  made  for  him 
by  Watt  in  1806,  which,  complete  in  all  its  details,  and  in  these  respects,  far  in 
advance  of  any  engine  that  cou'.d  then  have  been  built  in  this  country,  achieved 
success." 

The  subsequent  career  of  the  Phoenix  has  already  been  described 
in  the  October  number  of  The  Journal.  To  detail  the  other  engineer- 
ing achievements  of  John  Stevens  and  his  sons,  Robert  L.  and  Edwin 
A.,  would  require  many  additional  pages.  A  brief  outline,  therefore, 
will  be  given. 

The  multitubular  boiler  was  patented  by  John  Stevens  in  the 
United  States  in  1791  and  1S03  and  in  England  in  1S05.  A  boiler 
with  vertical  iron  tubes  was  operated  on  an  experimental  locomotive 
in  1825.  It  is  said  that  he  established  the  first  steam  ferry  in  the 
world,  between  New  York  and  Hoboken  on  October  11,  1811.  In 
1813  John  Stevens  designed  an  iron  clad  vessel  with  a  "saucer-shaped" 
hull,  to  be  plated  with  iron  and  carry  a  heavy  battery. 

In  1812  (five  years  before  the  commencement  of  work  on  the  Erie 
canal)  John  Stevens  addressed  a  memoir  to  the  New  York  State  Com- 
mission urging  the  immediate  construction  of  a  railroad  instead  of  a 
canal.  Though  Stevens'  plans  and  estimates  were  definite  and  their 
accuracy  was  afterward  proved,  the  commission  reported  adversely. 
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The  South  Carolina  Raih'oad,  which  when  completed  in  1832  was  the 
largest  railway  in  the  world,  was  constructed  on  the  plans  of  1812. 

Through  his  efforts  in  1823,  the  Legislature  of  Pennsylvania  passed 
acts  for  incorporating  the  Pennsylvania  Railroad  Company  ''to  make, 
erect  and  establish  a  railroad  on  the  route  laid  out  (from  Philadelphia 
to  Columbia,  in  Lancaster  County)  to  be  constructed  on  the  plan  and 
under  the  superintendence  and  direction  of  the  said  John  Stevens." 
"Three  years  later,  Colonel  Stevens  constructed  at  his  own  expense 
a  locomotive  with  a  multitubular  boiler,  which  was  operated  for 
several  years  on  a  circular  track  at  the  Hoboken  estate.  This  was 
the  first  locomotive  in  America  driven  by  steam  and  running  on  a 
track,  of  which  there  is  any  record. 

Colonel  Stevens  died  in  1838,  aged  eighty-nine  years.  His  son 
Robert  L.  appears  to  have  surpassed  his  father  in  engineering  ability. 
It  was  he  who  sailed  the  Phoenix  on  the  first  ocean  trip  made  by  a 
steam  vessel.  The  Philadelphia,  which  he  built,  had  a  speed  of  8 
miles  an  hour.  The  North  American,  built  in  1832,  attained  a  speed 
of  15  miles.  "  For  25  years  after  1815  he  stood  at  the  head  of  his 
profession. "  In  1821  he  originated  the  form  of  ferry-boats  and 
ferry  slips  now  in  general  use. 

The  "  cam  board "  cut-off  was  invented  by  Robert  L.  Stevens  in 
1818,  and  in  1821  he  adopted  the  walking-beam  and  improved  it  by 
making  it  of  wrought-iron  strap  with  a  cast-iron  center. 

His  work  in  the  railroad  field  includes  the  design,  while  president 
and  chief  engineer  of  the  Camden  &  Amboy  R.  R.,  of  the  present  form 
of  rail;  the  "hook-headed"  spike,  substantially  the  present  railroad 
spike;  and  the  '' iron-tOngue, "  developed  into  the  fish-plate. 

Edwin  A.  Stevens  appears  to  have  followed  the  line  of  business 
more  closely  than  engineering,  though  he  also  is  credited  with  several 
engineering  achievements.  Space  will  not  permit  any  description  of 
his  work  other  than  to  say  that  he  was  active  in  organizing  and  oper- 
ating the  Camden  &  Amboy  R.  R.,  in  making  with  his  brother  Robert 
improvements  in  steam  navigation,  in  introducing  iron  armor  for 
warships,  and  in  devising  methods  of  attack  and  defence  for  iron- 
clads. He  died  in  1868,  in  his  will  making  provision  for  the  endow- 
ment of  Stevens  Institute  of  Technology,  in  Hoboken. 


NECROLOGY 


LEWIS  CLESSON  GROVER 


Lewis  Clesson  Grover  died  at  Hartford,  Conn.,  September  30, 
1909,  after  a  long  illness.  He  was  born  November  26,  1849,  at  Spring- 
field, Mass.  After  an  ordinary  school  education  there,  he  acted  as 
apprentice  at  the  Norwalk  Iron  Works,  Norwalk,  Conn.,  for  three 
years;  after  seven  years'  service  with  this  company,  serving  for  short 
periods  with  the  Winchester  Repeating  Arms  Co.,  New  Haven, Conn., 
C.  W.  Lacount  of  Norwalk,  Conn.,  Smith  &  Wesson,  Springfield,  Mass., 
and  F.  C.  &  A.  E.  Rowland,  New  Haven,  Conn. 

He  became  general  manager  of  the  Whitney  Arms  Company,  New 
Haven,  Conn.,  about  1880,  holding  this  position  until  1886,  when  he 
went  to  Hartford  as  assistant  superintendent  of  the  Colt's  Patent  Fire 
Arms  Mfg.  Co.  He  was  soon  promoted  to  the  office  of  superintendent, 
and  later  to  that  of  general  manager.  In  1902  he- was  elected  president 
and  a  director  of  the  company,  at  the  same  time  becoming  president 
of  the  Colt's  Arms  Co.,  of  New  York.  Because  of  ill  health  he  was 
finally  compelled  to  relinquish  to  others  the  active  duties  of  manage- 
ment, and  in  January  resigned  the  office  of  president,  the  same  meet- 
ing making  him  chairman  of  the  boards  of  directors  of  both  corpora- 
tions. 

Mr.  Grover  served  as  a  member  of  the  common  council  board  of 
Hartford  and  as  park  commissioner.  He  was  a  prominent  Mason  and 
a  member  of  the  Hatchetts  Reef  Club.  He  entered  this  Society  in 
1890. 

ROBERT  HOE 

Robert  Hoe,  head  of  the  firm  of  Robert  Hoe  &  Co.,  of  New  York  and 
London,  was  born  in  New  York,  March  10,  1839,  and  was  educated  in 
public  and  private  schools  in  this  city.  He  was  grandson  of  Robert 
Hoe  of  the  hamlet  of  Hoes,  Leicestershire,  England,  who  began  the 
manufacture  of  printing  machines  in  New  York  in  1803,  constructing 
and  introducing  into  America  the  first  iron  and  steel  machines. 

Mr.  Hoe  at  an  early  age  entered  the  printing  factory  established  by 
his  grandfather,  and  devoted  his  life  to  the  improvement  and  develop- 
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ment  of  printing  machinery.  He  developed  the  rotating-cylinder 
type  of  press  to  the  present  double-octuple  press  capable  of  printing, 
pasting,  folding  and  delivering  more  than  150,000  16-page  newspapers 
per  hour.  He  also  invented  greatly  improved  processes  of  printing  in 
colors,  and  is  the  author  of  several  books  on  printing  and  binding. 

Mr.  Hoe  always  resided  in  New  York,  though  his  business  interests 
were  almost  as  great  in  London,  and  identified  himself  with  its  interests 
and  prosperity.  He  was  one  of  the  founders  of  the  Metropolitan 
Museum  of  Arts,  founder  and  first  president  of  the  Grolier  Club,  and  a 
member  of  the  Engineers',  Union  League,  Century,  Players'  and 
Fencers'  Clubs.  He  joined  The  American  Society  of  Mechanical 
Engineers  in  1883. 

Mr.  Hoe  died  in  London,  September  22,  1909. 

ROBERT  B.  LINCOLN 

Robert  B.  Lincoln,  president  of  the  Waters  Governor  Company, 
Boston,  Mass.,  died  June  9,  1909,  at  his  home  in  Waltham,  Mass. 
Mr.  Lincoln  began  his  career  in  the  Globe  Works  in  Boston,  after- 
wards serving  throughout  the  Civil  War.  In  1868  he  went  to  Cuba 
as  chief  engineer  of  the  Maratanza,  severing  this  relationship  to 
become  head  draftsman  at  the  South  Boston  Iron  Works.  In  1882 
he  designed  the  compound  engine  on  the  Cymbria  at  East  Boston, 
Mass.,  and  was  subsequently  connected  with  E.  D.  Leavitt  of  Cam- 
bridge, Mass.,  and  later  with  the  Portsmouth  Navy  Yard,  where  he 
remained  nine  years.  At  the  time  of  his  death,  he  had  been  president 
of  the  Waters  Governor  Company,  for  twenty-seven  years,  and  dur- 
ing his  life  had  held  many  other  positions  of  trust  which  were  filled 
with  honor  and  fidelity. 
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Arthur  S.  Blanchard,  formerly  with  the  Atha  Steel  Casting  Co.,  Newark,  N.  J., 
is  now  associated  with  the  Birdsboro  Steel  Foundry  and  Machine  Co.,  Birdsboro. 
Pa.,  in  the  capacity  of  assistant  general  manager. 

Dr.  John  A.  Brashear  addressed  the  October  19  meeting  of  the  Engineers' 
Society  of  Western  Pennsylvania,  which  was  devoted  to  a  discussion  of  Rapid 
Transit  for  Pittsburg. 

Thurlow  E.  Coon  has  been  appointed  manager  of  the  Detroit,  Mich.,  office  of  the 
Ball  Engine  Co.,  and  will  at  the  same  time  handle  a  complete  line  of  power  plant 
equipment. 

Claude  E.  Cox  has  accepted  a  position  with  the  H.  E.  Wilcox  Car  Co.,  Minneapo- 
lis, Minn.  Mr.  Cox  was  until  recently  chief  engineer  and  factory  manager  of  the 
Interstate  Automobile  Co.,  Muncie,  Ind. 

R.  G.  Davis  served  as  acting-quartermaster  on  the  Clermont  II  during  the 
Hudson-Fulton  Celebration. 

An  article  on  Correct  Metal  for  Castings,  by  Almon  Emrie,  was  pubHshed  in  the 
October  7  issue  of  The  American  Machinist. 

W.  S.  Giele,  until  recently  superintendent  of  the  plant  of  the  Stoever  Foundry 
and  Mfg.  Co.,  Myerstown,  Pa.,  has  severed  his  connection  with  that  company. 
Mr.  Giele  is  devoting  his  time  to  special  work,  and  is  living  at  New  Brighton,  S.I. 

Warren  W.  Gore,  formerly  vice-president  of  the  Gas  Power  Mfg.  Co.,  Seattle, 
Wash.,  is  now  in  charge  of  the  experimental  department  of  the  Fairbanks-Morse 
factory  in  Beloit,  Wis. 

Chas.  H.  Green,  member  of  the  firm  of  M.  A.  Earl  &  Co.,  is  now  located  at  the 
Carthage,  Mo.,  office  of  the  company.  He  was  formerly  at  the  Muskogee,  Okla., 
office. 

An  article  on  Production  and  Waste  of  Mineral  Resources  by  Dr.  J.  A. 
Holmes,  was  published  in  the  October  2  number  of  The  Mining  World. 

Alfred  Noble  has  been  appointed  consulting  engineer  to  the  Board  of  Water 
Supply,  New  York. 
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Harold  L.  Pope  has  become  associated  with  the  Matheson  Motor  Car  Co., 
Wilkes-Barre,  Pa.,  as  engineer.  He  was  formerly  general  manager  of  the  Toledo 
Motor  Co.,  Toledo,  O. 

Prof.  Walter  Rautenstrauch  has  contributed  an  article  on  An  Investigation  of 
Strength  of  Crane  Hooks,  to  the  October  7  issue  of  The  American  Machinist. 

J.  G.  Clifton  Sewell  has  become  identified  with  the  United  Engine  and  Foundry 
Company,  Pittsburg,  Pa.  Mr.  Sewell  was  formerly  associated  with  the  Tennessee 
Coal,  Iron  and  Railroad  Co.,  Pittsburg,  Pa. 

G.  B.  Shipley  contributed  an  article  on  A  Comparison  of  the  Various  Processes 
of  Preserving  Timber,  to  the  October  14  number  of  Engineering  News. 

Edward  S.  Smith  has  been  appointed  instructor  in  mathematics  at  the  Univer- 
sity of  Virginia,  University,  Va.  Until  recently  he  was  instructor  in  mechanical 
drawing  in  the  School  of  Mines  and  Metallurgy  of  the  University  of  Missouri, 
Rolla,  Mo. 

J.  F.  Taddiken,  Jr.,  has  been  transferred  from  the  Chino,  Cal.,  branch  of  the 
American  Beet  Sugar  Co.,  to  the  Rocky  Ford,  Colo.,  branch. 

Dr.  C.  J.  H.  Woodbury  is  the  author  of  a  Bibliography  of  Cotton  Manufacture, 
recently  published. 


EFFICIENCY  TESTS  OF  LUBRICATING  OILS 

By  Prof.  Frederick  H.  Sibley,  University,  Ala. 
Member  of  the  Society 

The  tests  described  in  this  paper  were  made  at  the  Case  School 
of  AppHed  Science,  Cleveland,  0.,  and  had  for  their  object: 

a  To  determine  the  relation  between  the  viscosity  and  the 
wearing  and  lubricating  qualities  of  the  oils. 

h  To  determine  the  effect  of  the  constituents  of  the  various 
oils  on  the  lubricating  qualities. 

2  Twenty-two  oils  were  tested,  the  method  of  procedure  being 
to  find  the  chemical  composition  and  viscosity  of  each  oil  and  then 
to  use  it  as  a  lubricant  in  a  journal  bearing.  The  temperature 
and  frictional  resistance  were  observed  for  a  given  length  of  time 
under  a  known  load  and  speed.  Previous  experiments  have  left 
the  question  of  the  relation  between  viscosity  and  friction  rather 
unsettled,  but  it  is  probable  that  if  the  load  selected  is  a  suitable 
one  for  a  given  oil  then  the  friction  will  increase  if  the  viscosity  is 
increased.  There  seems  to  be  no  positive  relation  established  between 
the  viscosity  and  the  wearing  qualities  of  oils. 

3  The  lubricating  c{uality  of  an  oil  is  determined  by  its  ability 
to  maintain  a  continuous  film  over  the  lubricated  surface,  keeping 
the  rubbing  parts  from  direct  contact.  The  coefficient  of  friction 
is  the  frictional  resistance  to  motion  of  the  journal,  in  pounds, 
divided  by  the  load  on  the  journal.  The  viscosity  of  an  oil  is 
measured  by  its  resistance  to  flow,  a  strong  resistance  to  flow 
indicating  a  high  viscosity. 

4  The  apparatus  used  in  these  tests  is  shown  in  Fig.  1.^  The 
pulley  D  on  the  shaft  B  is  driven  from  a  countershaft,  having  tight 
and  loose  pulleys.     The  journal  E,  upon  which  the  tests  were  made, 

1  This  machine  was  designed  and  built  by  Prof.  C.  H.  Benjamin. 

All  papers  are  subject  to  revision. 
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is  8  in.  long  and  3.22  in.  in  diameter.  Around  the  journal  fits  a 
babbitted  sleeve,  which  is  split  in  the  middle,  the  upper  half  having 
oil  grooves  diagonally  across  it  and  intersecting  in  the  middle  in  the 
form  of  a  letter  X.  At  the  intersection  of  these  grooves  is  the  hole 
for  the  admission  of  oil.  The  lower  half  of  the  sleeve  is  without 
oil  grooves.  The  sleeves  are  held  in  position  on  the  journal  by  the 
cast-iron  blocks  FF.  A  collar  at  the  back,  next  to  the  bearing  C , 
and  a  washer  and  nut  in  front,  prevent  an  endwise  motion  of  the 
collar  and  sleeves,  while  allowing  free  rotation.  The  load  is  applied 
to  both  sides  of  the  journal  at  the  same  time  by  compressing  the 
springs  when  the  nuts  at  the  top  of  the  springs  are  screwed  up. 
Under  ordinary  working  conditions  the  load  is  applied  to  but  one 
side  of  the  journal.  These  experiments  therefore  do  not  conform 
to  actual  conditions  of  pressure  and  wear,  but  as  the  results  are 
comparative  they  are  as  fair  to  one  oil  as  another  in  this  respect. 

5  The  springs  were  calibrated  before  the  tests  by  compressing 
them  to  a  length  of  11^  in.,  observing  the  load  and  then  making  this 
length  the  same  for  all  the  tests.  The  lever  arm  0  was  fastened 
to  the  upper  block  and  its  outer  end  was  fitted  with  a  knife  edge 
which  rested  on  a  scale  pan.  The  lubricant  was  fed  through  a  sight- 
feed  oil  cup  at  M.  The  temperature  of  the  bearing  was  determined 
by  means  of  a  thermometer  inserted  in  an  oil  well  at  N.  The  ma- 
chine was  driven  by  an  electric  motor  and  the  speed  kept  practically 
constant  at  500  r.p.m.  by  means  of  a  water  rheostat. 

6  The  tests  were  conducted  as  follows,  great  care  being  taken  to 
keep  the  conditions  as  nearly  constant  as  possible  for  all  the  oils: 
The  journal  and  sleeve  were  first  cleaned  with  coal  oil  (kerosene) 
and  rubbed  dry  with  waste.  The  machine  was  then  put  together 
and  the  factor  known  in  these  tests  as  the  lever-arm  constant  was 
determined.  This  was  found  by  resting  the  knife  edge  K  on  the 
scale  pan  and  rotating  the  journal  first  to  the  right  and  then  to  the 
left  with  no  compression  in  the  sjjrings.  The  average  of  these  read- 
ings gave  the  constant  weight  of  the  arm  on  the  scales.  Then  the 
frictional  resistance  of  the  machine  at  any  instant  was  measured  by 
the  difference  between  the  scale  reading  at  that  instant  and  the 
lever-arm  constant.  After  the  constant  had  been  determined  the 
springs  were  screwed  down  to  a  length  of  1\\  in.,  giving  a  load  of 
1302  lb.  for  the  whole  bearing. 

7  The  oil  cup  was  partly  filled  and  the  oil  kept  at  a  constant 
level  so  as  to  regulate  the  flow  to  a  constant  value  of  eight  drops 
a  minute.     The  machine  was  then  started,  and  the  bearing  tempera- 
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ture,  room  temperature  and  scale  reading  were  observed  every  ten 
minutes  and  the  results  entered  on  the  log  sheet  of  the  tests.  The 
oil  feed  and  the  speed  of  the  machine  were  also  adjusted  from  time 
to  time  and  kept  practically  constant.  At  the  end  of  two  hours 
the  oil  supply  was  shut  off  and  the  run  continued  under  the  same 
conditions  until  the  friction  and  temperature  of  the  bearing  indi- 
cated that  the  oil  had  given  out. 

8  The  results  of  the  tests  are  shown  graphicall}^  by  the  diagrams 
in  Figs.  2,  3  and  4.  The  horizontal  scale  shows  the  time  in  hours 
from  beginning  to  end  of  test.  The  full  lines  were  found  by  taking 
the  bearing  temperature  on  the  vertical  scale  and  the  dotted  lines 
were  plotted  by  using  the  coefficient  of  friction  on  the  vertical  scale. 
The  chart  therefore  shows  the  temperature,  coefficient  of  friction 
and  wearing  qualities  of  every  oil  tested. 

9  The  coefficient  of  friction  from  which  the  dotted  lines  were 
plotted  =  journal  friction  -^  load.  For  the  machine  used  in  the&e 
tests,  this  equation  becomes 

Coefficient  of  friction  = 

(scale  reading  —  lever  arm  constant) 


radius  of  journal 


load 

The  scale  reading  is  taken  from  the  log  sheets  of  the  test. 
The  lever-arm  constant  was  equal  to  13.656  for  this  machine. 
The  length  of  the  lever  arm  was  31.625  in. 
The  radius  of  the  journal  was  1.61  in. 
The  load  on  the  journal  was  1302  lb. 

10  In  the  case  of  the  castor  oil,  where  the  coefficient  of  friction 
at  the  end  of  two  hours  was  0.024  (see  chart),  by  substituting  in 
the  above  formula  and  transposing,  we  have: 

scale  reading  =  0.024  X  1302  X  — —    +  13.656  =  15.25 

31.625 

The  scale  reading  being  the  known  factor,  the  coefficient  of  friction 

was  calculated  for  intervals  of  ten  minutes  corresponding  to  the 

time  of  the  readings. 

11  Table  1  gives  the  result  of  the  chemical  tests  together  with 
the  data  not  found  on  the  diagrams  of  Figs.  2,  3  and  4.  The  con- 
stituents of  the  oils,  shown  in  Column  4,  were  found  by  distillation, 
each  constiuent  having  a  different  temperature  at  which  it  sepa- 
rated from  the  oil.     Nos.  1,  2  and  3  are  simple  oils;  all  the  others 
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have  for  their  principal  constituent  one  of  the  group  of  hydro- 
carbons Cn  Hzn-".,  ^n  H2n-2,  ^n  ^zn,  C^  U^^^  +  j-  The  purpose 
was  to  compare  each  oil  having  one  of  the  above  hydrocarbon 
radicals  with  the  first  three  oils  given,  and  thus  to  determine  the 
relative  effect  of  these  hydrocarbon  constituents. 

12  The  specific  gravity  is  given  in  degrees  Beaum^  and  is 
determined  by  the  following  formula: 

130 

rz :--  —  130  =  degrees  Beaumd 

specmc  gravity 

13  The  viscosity  was  determined  with  a  Saybolt  viscosimeter. 
It  is  expressed  in  the  number  of  drops  per  minute  that  will  pass 
through  a  given  orifice  at  a  definite  temperature.  The  table  shows 
viscosities  taken  at  varying  temperatures.  It  is  not  practicable  to 
take  these  viscosities  all  at  the  same  temperature.  The  viscosity  of 
an  oil  like  No.  7,  for  example,  if  taken  at  a  temperature  of  210 
deg.  would  not  really  represent  the  viscosity  of  that  oil  as  it  was 
never  intended  to  be  subjected  to  such  a  high  temperature. 

14  Column  5  gives  the  saponification  number.  This  is  the  num- 
ber of  milligrams  of  KOH  (potassium  hydrate)  that  will  be  taken 
up  by  one  gram  of  the  oil.  In  other  words,  it  is  the  number  of 
milligrams  of  KOH  per  gram  of  oil  that  would  be  required  to  make 
soap.  For  example,  in  castor  oil,  which  is  a  compound  having  a 
glycerine  for  a  base,  combined  with  a  fatty  acid,  if  KOH  is  added 
under  the  proper  conditions,  being  a  stronger  base  than  the  glycerine, 
it  will  drive  out  the  latter  and  combine  with  the  fatty  acid  in  the 
proportion  of  181  mg.  to  one  gram  of  the  original  oil. 

15  In  an  engine  cylinder  at  a  high  pressure  and  temperature 
an  oil  may  become  decomposed,  and  the  fatty  acid  being  liberated 
will  attack  the  metal  of  the  cylinder.  It  follows  therefore  that  the 
higher  the  saponification  number  of  an  oil,  the  greater  the  quantity 
of  acid  that  may  be  liberated  to,  attack  the  cylinder  walls.  It  can 
hardly  be  said  that  the  present  testr  show  any  definite  relations ' 
between  the  viscosity  and  the  bearing  and  lubricating  qualities  of 
the  oils.  They  are  interesting  rather  as  showing  the  behavior  of 
the  particular  oils  in  question  in  comparison  with  the  relatively 
familiar  examples  numbered  1,  2  and  3. 

16  The  viscosity  of  an  oil  does  affect  its  lubricating  quality  in 
the  following  way:  if  the  oil  is  adapted  to  the  load  put  upon  it,  then 
the  lower  the  viscosity  the  better  lubricant  it  will  be.  With  heavy 
oils  some  work  will  be  absorbed  in  overcoming  the  internal  resistance 
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of  the  oil  itself.  The  load  should  conform  to  the  character  of  the 
oil,  a  light  oil  being  unsuitable  for  a  heavy  load.  The  reason 
why  some  of  the  oils  in  these  tests  broke  down  early  was  because 
the  load  was  too  heavy  for  them. 

17  Oil  No.  21  contained  parafiine  and  the  injurious  effect  of  this 
substance  on  the  lubricating  quality  of  the  oil  is  shown  by  the  chart 
for  that  oil.  Oils  No.  18,  19,  21  and  22  are  individual  hydrocarbons 
separated  by  long  continued  fractional  distillation  from  Pennsyl- 
vania and  Texas  oils.  These  oils  have  been  found  to  belong  to  the 
series  C^  Hj^,  Cj,  U^j^  _  ^,  C^  Uzn  -  4- 

18  The  series  C^  Hjn  may  be  regarded  as  representing  the  larger 
portion  of  the  constituents  of  lubricating  oils  as  made  from  crude 
petroleum.  The  higher  vicosity  of  these  hydrocarbons,  which  are 
relatively  poor  in  hydrogen,  is  shown  in  the  table.  Professor Mabery 
has  been  led  to  believe  from  his  examination  of  different  varieties  of 
petroleum  and  the  separation  of  individual  hydrocarbons,  that  in 
oils  like  those  of  Nos.  4  to  17  of  the  table  the  genei^al  composition 
is  represented  by  the  series  C^  H^^,  C^  H,^  _  2  •  They  also  doubt- 
less contain  smaller  amounts  of  hydrocarbon  poorer  in  hydrogen. 

19  The  chemical  work  of  the  tests  was  done  under  the  direction 
of  Prof.  C.  F.  Mabery  and  the  mechanical  work  by  the  writer  and 
Mr.  Horace  Allen,  a  senior  student  at  Case  School. 


ECONOMY  OF  THE  ELECTRIC  DRIVE  IN  THE 
MACHINE  SHOP 

By  a.  L.  De  Leeuw,  Cincinnati,  O. 
Member  of  the  Society 

It  is  proposed  to  show  in  this  paper  the  most  sahent  points  which 
affect  the  economy  of  the  electric  drive  in  the  shop,  and  also,  in  a 
general  way,  the  proper  relation  between  the  motor  and  the  driven 
machine. 

2  When  the  electric  motor  was  first  used  in  the  shop,  practically 
no  other  claim  was  made  for  it  than  that  it  saved  power  by  obviat- 
ing the  losses  in  line  and  countershafts.  Exaggerated  statements 
were  made  of  savings  to  be  effected;  and  though  it  was  proved  later 
that  many  of  these  claims  should  be  divided  by  a  large  factor,  and 
that  some  should  even  be  provided  with  the  negative  sign,  these 
statements  did  a  great  deal  of  good  by  calling  attention  to  the  fact 
that  great  losses  existed. 

3  The  writer  knows  of  no  way  to  determine  the  exact  amount  of 
these  losses,  but  wishes  to  call  attention  to  the  fact  that  a  method 
which  has  been  employed  quite  frequently  is  entirely  misleading. 
The  method  referred  to  is,  to  measure  electrically  or  by  indicator 
card  the  amount  of  power  required  to  run  all  or  a  part  of  shop  with 
and  without  machine  load.  The  difference  between  the  two  readings 
is  supposed  to  be  the  loss.  That  this  is  wrong  becomes  obvious  as 
soon  as  one  considers  that  the  frictional  load  of  every  bearing  changes 
with  the  amount  of  the  load,  and  that  the  belt  pull  sets  up  bending 
and  torsional  strains  in  long  lengths  of  shafting,  which  may  cause 
losses  much  greater  than  the  losses  by  journal  friction. 

4  The  method  of  taking  separate  measurements  of  the  work 
done  by  each  machine  individually,  and  totaling  the  result,  is  also 
wrong,  as  all  machines  do  not  require  the  maximum  amount  of  power 
at  the  same  time.  To  multiply  the  total  by  some  fractional  coeffi- 
cient is  merely  a  refined  way  of  guessing.     Statements  have  from 

All  papers  are  subject  to  revision. 
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time  to  time  appeared,  as  to  the  amount  of  saving  effected  by  the  sub- 
stitution of  motor  drives  for  Hne-shaft  drives,  but  never  with  the 
positive  statement  that  at  the  same  time  other  changes  were  not 
made  which  might  have  some  effect  on  the  situation.  This  absence 
of  rehable  data  is  apparent  ah  over  the  field  of  this  subject,  and  it 
will  therefore  be  impossible  to  say  beforehand  with  any  fair  degree 
of  certainty  how  much,  if  anything,  can  be  gained  by  the  conversion 
of  a  shop  from  a  shaft  to  motor  chive.  It  will  be  possible,  however, 
to  indicate  points  which  should  be  kept  in  mind,  and  which  are  the 
controlling  factors. 

5  Economy  is  the  art  of  obtaining  the  greatest  output  with  the 
smallest  outlay.  To  strike  a  balance  between  these  two  elements, 
outlay  and  outj^ut,  is  the  work  of  the  industrial  engineer.  In  a  great 
many  cases,  perhaps  in  the  majority,  there  are  not  sufficient  data  to 
enable  him  to  do  this;  his  work  then  becomes  hazardous  and  is  on  a 
level  with  that  of  the  prospector.  Many  reputations  are  based  on 
a  stroke  of  luck  and  many  have  been  lost  by  a  single  wrong  guess. 
On  the  other  hand,  many  hundreds  of  thousands,  or  more  likely, 
millions  of  dollars  have  been  lost  to  shop  owners  by  listening  to  the 
lure  of  the  enthusiastic  engineer  with  more  faith  than  data. 

POINTS   TO    BE    CONSIDERED 

6  In  considering  the  economical  features,  when  converting  a  shop 
from  shaft  to  motor  drive,  the  following  points  should  be  kept  in  mind : 

a  The  nature  of  the  shop. 

h  The  possible  economies  which  ma}^  be  effected  by  the  instal- 
lation of  electric  drive, 
c  The  first  cost  of  such  an  installation. 
d  The  cost  of  its  upkeep. 
e  The  cost  per  unit  of  power. 

Though  these  are  the  main  points  to  be  considered  in  a  preliminary 
investigation,  they  are  by  no  means  the  only  ones.  They  are  spe- 
cially mentioned  here  because  their  contemplation  will  naturally 
lead  to  the  consideration  of  other  points  as  well. 

7  As  the  electric  drive  for  the  machine  shop  alone  will  be  consid- 
ered here,  it  may  seem  that  the  nature  of  the  shop  might  have  been 
left  out  of  consideration.  In  the  great  majority  of  cases,  however, 
a  machine  shop  is  of  a  dual  nature.  A  foundry  or  blacksmith  shop, 
or  perhaps,  a  plating  shop  is  connected  with  the  establishment;  or 


ECONOMY    OF    ELECTRIC    DRIVE    IN    MACHINE    SHOP  1111 

warehouse  and  yard  service  may  form  a  considerable  portion  of  the 
operations.  The  yard  service  of  a  plant  may  be  of  an  elaborate 
nature,  while  the  machining  operations  are  of  a  simple  nature.  It 
may  be  that  the  machine-shop  operations  cannot  be  improved  enough 
by  the  change  to  electric  drive  to  warrant  its  installation,  yet  the 
gains  to  be  made  by  converting  yard  cranes  and  other  similar  appa- 
ratus to  electrically  driven  apparatus  may  be  so  great  as  to  make  it 
advisable  to  change  the  mode  of  driving  of  the  entire  plant. 

8  As  to  the  possible  economies  which  may  be  effected  by  a  change 
of  drive,  this  involves  so  many  considerations  that  nothing  but  an 
exhaustive  study  of  the  entire  plant  in  all  its  aspects  will  clearly 
show  what  may  be  accomplished.  Though  at  one  time  the  only 
economy  considered  was  the  saving  of  power,  it  is  now  well  recog- 
nized that  this  is  by  no  means  the  only  nor  the  most  important  econ- 
omy resulting  from  a  conversion  to  electric  drive,  and  that  such  a 
conversion  may  even  be  highly  economical,  though  there  be  an 
actual  loss  in  power  consumed. 

9  To  illustrate:  practically  all  of  the  work  done  in  a  machine  shop, 
for  which  power  is  used,  is  the  removal  of  chips.  The  writer  has  in 
mind  a  shop  where  an  average  of  9  tons  of  metal  is  daily  fed  through 
the  shop,  to  be  made  up  into  high-grade  machinery.  This  metal  is  for 
the  greater  part  cast  iron,  with  a  minority  of  steel  and  a  small  per- 
centage of  bronze  and  other  metals,  just  as  in  most  machine  sliops. 
The  total  of  chips  removed  amounts  to  less  than  15  per  cent  or 
2700  lb.  of  metal  in  a  nine-hour  day,  making  300  lb.  per  hr.,  or  5 
lb.  per  min.  This  shop  uses  an  average  of  225  h.p.,  which  is  45 
h.p.  per  min.  for  each  pound  of  chips  removed.  Figuring  that  all 
the  chips  are  steel,  this  would  mean  that  the  shop  requires  about 
12  h.p.  per  cu.  in.  of  steel  removed.  It  should  be  noted  that  this 
shop  is  to  a  large  extent  electrically  driven,  and  otherwise  as  well  or 
better  equipped  than  the  majority  of  machine  shops.  The  power 
costs  about  $40  per  h.p.  per  year,  or  a  total  of  $9000,  which  includes 
steam  for  heating,  however. 

10  Figuring  that  all  of  this  amount  is  spent  for  power,  and  that 
half  of  it  could  be  saved  by  some  other  mode  of  driving,  then  the 
total  possible  gain  would  be  $4500  per  year.  This  shop  employs 
about  five  hundred  men,  so  that  the  gain  would  be  $9  per  man  per 
year.  An  establishment  of  this  kind  and  size  delivers  a  product  of 
about  $2000  per  man  per  year.  If  the  installation  of  a  new  mode  of 
driving  could  increase  this  output  onlj^  5  per  cent,  then  the  gain  per 
man  per  year  would  be  $40,  or  more  than  four  times  the  gain  which 
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can  be  made  by  cutting  the  power  consumption  in  two.  Obviously 
then,  the  problem  is  to  increase  the  amount  of  chips  made  in  a  given 
shop,  and  not  to  diminish  the  amount  of  horsepower  for  a  given 
amount  of  chips.  This  phase  of  the  subject  will  be  treated  more 
extensively  later. 

11  As  to  the  first  cost  of  installation,  though  it  may  be  beyond 
doubt  that  a  change  in  the  mode  of  driving  might  effect  economies 
yet  it  remains  to  be  shown  that  these  economies  give  a  good  return  on 
the  investment,  and  further,  that  this  same  investment  could  not 
be  placed  in  another  direction  to  better  advantage.  What  is  true 
when  a  shop  is  to  be  converted  from  one  drive  to  another,  is  also 
true  when  a  new  plant  is  to  be  built.  Directors  of  industrial 
undertakings  have  frequently  been  criticised  for  apparent  lack  of 
progress,  when  a  close  analysis  might  have  shown  other  more  crying 
needs  for  the  investment  of  the  capital  at  command.  Though  the  shop 
of  an  industrial  undertaking  may  be  the  only  place  where  its  product 
is  made,  it  may  not  be  the  only  place  where  its  money  is  made.  And 
even  should  the  shop  be  beyond  doubt  the  best  place  to  invest  the 
money  on  hand,  it  remains  to  be  shown  that  the  proposed  change  of 
drive  will  bring  better  returns  than  improvements  along  other  lines. 
This  question  will  also  be  dealt  with  later. 

12  The  probable  cost  of  upkeep  must  also  be  thoroughly  investi- 
gated, especially  as  this  is  likely  to  be  under-estimated  unless  one 
goes  fully  into  details.  In  considering  the  probable  economies,  this 
cost  of  upkeep  has  to  be  estimated  and  deducted  from  the  gross 
gains;  but  the  same  item  appears  again  in  the  form  of  disturbance 
of  operation,  when  it  is  much  harder  to  estimate  it.  This  must  be 
done  as  well  as  possible,  however,  before  reaching  a  final  conclusion. 
These  disturbances  make  themselves  especially  felt  the  first  few 
years  after  making  the  change. 

13  It  is  further  true  that  most  radical  changes  are  made  at  a 
time  when  there  is  a  heavy  demand  on  the  shop,  either  because 
it  is  thought  that  the  output  can  be  increased  by  the  contemplated 
changes,  or  because  the  size  of  the  power  plant  has  not  kept  step 
with  the  growth  of  the  rest  of  the  plant,  or  because  at  t-uch  times 
of  business  prosperity,  money  can  be  easily  obtained  for  such  changes. 
Whatever  the  reasons,  the  fact  has  been  fairly  well  established; 
and  a  change  at  such  a  time  must  be  doubly  hazardous,  not  only 
because  it  may  fail  to  accomplish  the  desired  increase  of  output, 
but  because  it  may  actually  prove  to  be  a  source  of  disturbance, 
and  reduce  the  output  instead  of  increasing  it. 
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14  As  to  the  cost  per  unit  of  power,  this  should  enter  into  the 
preliminary  considerations,  as  it  will  determine  to  a  large  extent 
the  kind  of  current  to  be  used,  and  this  may  have  a  decided  effect 
on  the  final  economy  of  the  system  as  applied  to  the  shop.  Atten- 
tion will  again  be  directed  to  the  foregoing  items  later  in  the  paper. 

SAVINGS  EFFECTED  BY  ELECTRIC  DRIVE INCREASED  OUTPUT 

15  The  savings  effected  by  driving  the  shop  electrically  may  be 
classed  under  two  heads :  increased  output  and  less  expense.  Whether 
savings  can  be  effected  by  increasing  the  output  depends  on  so  many 
and  such  varied  items  that  it  seems  best  to  show  them  first  in  an 
elementary  way,  by  considering  a  single  machine  under  a  set  of 
assumed  conditions. 

16  Let  us  take  for  example  a  12-ft.  boring  and  turning  mill,  used 
in  a  shop  devoted  to  the  manufacture  of  a  single  line  of  product 
and  having  enough  machines  of  each  kind  to  allow  each  machine 
to  be  devoted  to  a  very  limited  line  of  operations.  Suppose  the 
machine  under  consideration  to  do  nothing  but  turn  up  large  rings, 
ranging  in  diameter  from  12  ft.  to  8  ft.,  and  further,  that  a  great 
number  of  rings  of  each  size  are  to  be  turned  up  in  each  lot,  so  that 
the  amount  of  time  lost  in  setting  the  machine  for  the  different  kinds 
of  work  becomes  negligible.  Let  it  be  further  supposed  that  the 
machine  is  provided  with  a  number  of  speeds  in  geometrical  progres- 
sion, with  steps  of  25  per  cent,  and  that  there  is  one  speed  which 
happens  to  correspond  to  the  proper  speed  for  the  material  used 
and  for  a  diameter  of  12  ft.  This  is  supposing  a  set  of  conditions 
as  good  as  can  be  expected  in  the  ordinary  commercial  machine. 

17  Under  these  conditions,  the  low  speed  must  be  used  for  all 
rings  from  12  ft.  down  to  9.6  ft.,  and  the  next  higher  speed  for  all 
rings  ranging  from  9.6  ft.  down  to  8  ft.  Supposing  that  the  number 
of  all  rings  of  the  same  size  is  the  same,  it  follows  that  the  machine 
runs  y\  of  the  year  on  the  lower  speed,  and  y\  of  the  year  on  the 
higher  one.  Allowing  J  of  the  total  time  for  chucking  work,  remov- 
ing it,  changing  tools,  etc.,  there  remains  |  of  the  year  spent  in 
removing  chips.  The  machine  removes  chips,  therefore,  at  the  lower 
speed  during  -^^  (j\  of  |)  of  the  year,  and  2%  (/^  of  |)  of  the  year 
at  the  higher  speed.  This  higher  speed  might  be  called  12,  and  the 
lower  speed  9.6.  A  measure  for  the  amount  of  chips  removed,  and, 
therefore,  for  the  number  of  pieces  turned  up,  would  then  be  the 
amount  of  time  multiplied  by  the  linear  speed  of  the  tool.  This 
is  not  exactly  correct,  but  near  enough  for  a  mere  illustration. 
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18  So  far,  however,  an  expression  has  been  found  only  for  the 
number  of  revolutions  of  the  machine.  In  order  to  reduce  this  to 
linear  speed,  we  must  consider  the  fact  that  the  higher  speed  is  the 
proper  speed  for  a  diameter  of  9.6  ft.,  and  the  lower  speed  for  a 
diameter  of  12  ft.  If  the  machine  were  to  run  all  the  time  at  the 
speed  corresponding  to  the  diameter  to  be  turned  up,  the  total  output 
for  the  year  could  be  expressed  by  the  time  the  machine  is  actually 
removing  chips,  which  is  f . 

19  When  running  at  the  lower  speed,  however,  the  machine  has 
the  proper  speed  only  when  the  diameter  to  be  turned  up  is  exactly 
12  ft.  At  all  other  diameters,  the  speed  is  too  low.  The  effect  is 
the  same  as  if  the  machine  were  running  all  the  time  at  the  lower 
speed,  and  all  the  work  were  of  a  diameter  of  the  mean  between 
12  and  9.6,  or  10.8.  Therefore,  when  running  on  the  low  speed,  the 
output  runs  down  from  -^^  to  -^Vo-  Similarly,  the  output  of  the  ma- 
chine, when  running  at  the  higher  speed,  has  been  reduced  from  ^^ 
to  o^W;  ^^^^  ^1^6  total  from  |  to  |f|,  or  a  reduction  of  nearly  10  per 
cent.  Now  if  this  machine  were  driven  by  a  variable-speed  motor, 
it  would  be  possible  to  find  a  proper  speed  for  every  size  of  ring  to 
be  turned  up,  and  the  production  might  be  increased  from  136  to 
150,  or  a  gain  of  nearly  11  per  cent. 

20  Merely  to  say  that  there  is  a  gain  in  production  of  11  per  cent 
is  perhaps  sufficient  to  prove  that  under  certain  conditions  a  change 
from  belt  to  motor  drive  may  be  profitable,  but  it  is  in  no  way  a 
measure  of  the  amount  of  profit.  If,  for  instance,  the  machine  is 
capable  of  taking  care  of  all  the  work  in  the  shop,  then  the  only 
gain  is  in  the  wages  of  the  operator;  if,  on  the  other  hand,  there  is 
more  work  than  the  machine  can  take  care  of,  then  the  increased 
production  of  the  machine  may  mean  a  corresponding  increase  in 
the  production  of  the  entire  shop,  improved  deliveries,  and  the 
avoidance  of  a  great  deal  of  confusion,  of  which  the  money  value 
may  be  many  times  greater  than  the  mere  saving  in  wages. 

21  In  the  foregoing  example,  the  advantage  gained  is  entirely 
due  to  the  fact  that  a  variable-speed  motor  was  attached  to  the 
machine.  This  is  by  no  means,  however,  the  only  reason  why  the 
change  to  electric  drive  may  increase  the  efficiency  of  a  machine. 
The  electric  drive  may  enable  one  to  place  the  machine  in  a  more 
convenient  position,  or  bring  it  under  a  crane;  or  it  may  be  the 
means  of  giving  the  machine  more  power  than  it  could  have  with 
a  belt  drive;  or  again,  it  may  be  the  means  of  doing  away  with  some 
harmful  conditions  which  have  diminished  the  machine's  efficiency. 
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Among  such  circumstances  may  be  mentioned  the  slackness  of  belts 
due  to  weather  conditions,  or  to  the  varying  loads  placed  on  an  upper 
floor,  making  the  belts  from  pulleys  attached  to  the  under-side  of 
this  floor  either  too  loose,  having  been  adjusted  at  a  time  when  the 
load  on  the  upper  floor  was  light;  or  too  tight,  owing  to  adjustment 
at  a  time  when  the  load  on  the  upper  floor  was  heavy.  Then  there 
is  the  convenience  of  altering  speed  if  a  machine  has  a  motor  or  a 
convenient  gear  drive,  when  the  operator  might  forget  that  there 
is  such  a  thing  as  a  change  of  speed  for  varying  conditions  of  work, 
if  he  had  to  shift  a  belt.  An  almost  unlimited  number  of  considera- 
tions affect  the  result  to  be  obtained  from  the  application  of  a  motor 
to  a  machine  tool;  so  that  it  is  almost  impossible  to  forecast  the 
economy  which  will  result  from  such  a  change,  though  it  may  be 
perfectly  possible  to  say  that  the  change  will  be  beneficial  to  some 
extent. 

22  The  fact  that  the  change  from  one  style  of  drive  to  another 
is  practically  always  accompanied  by  some  other  changes,  either  in 
addition  to,  or  as  a  result  of  the  change  of  drive,  makes  it  impossible 
to  show  by  data  how  much  gain  is  the  result  of  this  change.  Under 
very  definite  conditions,  such  as  were  supposed  in  the  example  given, 
it  may  be  possible  to  calculate  these  gains  beforehand,  and  even  to 
verify  the  calculations  by  the  actual  results,  but  in  the  vast  majority 
of  cases  neither  calculation  nor  verification  is  possible.  For  this 
reason,  this  paper  is  confined  to  pointing  out  in  which  respects,  and 
under  which  conditions  profits  may  be  expected.  Such  profits  will 
appear  either  in  increased  output  or  in  the  curtailing  of  expenses. 

HOW  ELECTRIC  DRIVE  EFFECTS  INCREASED   OUTPUT 

23  We  will  now  consider  more  in  detail  the  economic  advantages 
mentioned  in  the  foregoing  paragraphs.  Fig.  1  shows  the  main 
points  in  which  an  increase  in  output  may  be  expected  from  the 
substitution  of  electric  drive  for  shaft  drive.  The  electric  drive 
will  show  its  effect  on  individual  machines  (provided  they  are  indi- 
vidually motor-driven),  on  the  handling  of  the  work  in  the  shop, 
on  the  light  and  cleanliness  of  the  place,  on  the  possibility  of  making 
changes  in  the  arrangement  of  the  shop  when  needed,  and  last,  but 
not  least,  on  the  individual  effort  of  the  operator. 

24  More  power.  The  greater  output  of  individually  motor-driven 
machine  tools  is  due  to  a  number  of  items,  shown  in  the  diagram. 
The  first  item,  more  power,  is  especially  prominent  in  heavy  tools. 
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The  power  of  cone-driven  machines  is  Hmited  by  the  belt  speed,  and 
by  the  width  possible,  considering  that  the  belt  has  to  be  shifted. 
It  might  be  said  that  a  single-pulley  drive  has  no  such  limitations; 
but  on  the  other  hand  the  single-pulley  drive  does  not  lend  itseK  to 
fine  gradations  of  speed,  especially  in  heavy  machinery.  Further, 
such  a  drive  would  take  up  a  great  deal  of  space,  would  be  very  costly, 
and  would  be  extremely  awkward  to  handle,  unless  auxiliary  mechan- 
ism were  provided  to  do  the  shifting  of  the  heavy  gears,  which  is 

More  Po^ver 

Overload  Capac/fy 

Freedom  from  Be/f  Troubles 
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Effort  of  Ope  rati  yes 

Fig.  1     Showing  the  Advantages  of  Electric  Drive 


a  further  source  of  expense.  The  electric  drive,  on  the  other  hand, 
would  allow  of  a  motor  with  a  certain  amount  of  variation  of  speed, 
which,  combined  with  a  few  gears,  would  give  all  the  variation 
obtainable  with  the  cone  pulley,  and  by  much  finer  gradations. 
This  is  so  well  recognized  at  the  present  time,  that  very  few  heavy 
machines  are  built  to  order  with  a  cone  drive. 

25     High-speed  steels  made  an  increase  of  power  imperative  for 
some  of  the  heavy  machines,  and  for  some  of  the  lighter  ones  as  well. 
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In  a  number  of  cases,  it  was  found  that  the  frame  of  the  machine, 
as  well  as  most  of  its  mechanism,  was  strong  enough  to  stand  this 
increase  of  power,  but  that  it  was  practically  impossible  to  substitute 
larger  cone  pulleys  without  rebuilding  the  entire  machine;  in  all  such 
cases,  the  electric  motor  has  proved  to  be  the  solution  of  the  problem. 

26  Overload  Capacity.  The  electric  motor  not  only  makes  it 
possible  to  give  more  power  to  the  machine,  but  it  gives  it  a  reserve 
capacity  that  a  belt-driven  machine  cannot  have.  For  instance,  a 
casting  has  to  be  turned  up :  it  has  a  swelling  where  the  seam  of  the 
parting  is,  and  the  amount  of  metal  at  this  one  point  is  too  much 
for  a  single  cut;  the  machine  stalls.  If  the  machine  were  motor- 
driven  the  overload  capacity  of  the  motor  would  carry  the  cut  past 
this  point,  without  harming  the  motor.  In  other  words,  a  motor 
acts  on  a  machine  tool  somewhat  as  a  flywheel  acts  on  an  engine. 
Before  electric  drives  were  known,  the  power  of  the  machine  tool 
was  almost  always  its  weak  point ;  after  electric  motors  were  applied 
to  existing  machines,  it  was  the  frame  of  the  machine  which  had  to 
be  treated  with  consideration. 

27  Freedom  from  belt  troubles.  The  omission  of  belt  troubles  is 
one  of  the  strongest  points  in  favor  of  the  electric  drive.  During 
an  investigation  of  a  large  Western  railroad  shop  by  the  writer,  this 
point  was  shown  with  exceptional  clearness.  Practically  all  machine 
operators  "nursed"  their  jobs  because  they  had  to  wait  too  long 
for  the  chief  millwright,  who  thought  he  was  the  only  man  capable 
of  putting  on  or  correcting  a  belt  in  the  proper  manner.  Out  of 
consideration  for  the  machine  tools,  this  man  would  put  on  belts 
from  i  in.  to  1  in.  too  narrow.  The  combination  of  these  two 
pieces  of  foolishness  reduced  the  output  of  the  belt-driven  machines 
fully  50  per  cent  where  heavy  cuts  had  to  be  taken,  and  reduced  the 
output  of  the  entire  machine  department  at  least  10  per  cent.  It 
might  be  said  that  the  management  should  have  corrected  this  evil, 
and  so  it  did,  but  only  after  the  evil  had  existed  for  a  great  many 
years.  Conditions  such  as  these  are  the  outcome  of  growth,  and 
are  generally  not  found  out  until  the  shop  becomes  too  small  for  the 
work  to  be  done  and  the  management  begins  to  cast  around  for 
means  to  increase  the  output. 

28  Belt  troubles  are  caused  by  so  many  conditions  that  a  shop 
is  rarely  free  from  them.  It  was  observed  at  the  shops  of  a  machine- 
tool  concern  in  the  middle  West,  that  the  output  of  their  milling 
machines  was  increased  25  per  cent  by  driving  them  by  electric 
motors,  though  no  further  changes  were  made.     The  observation 
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deserves  attention,  because  while  some  of  the  machines  were  changed 
to  electric  drive,  other  similar  machines  were  left  with  belt  drive,  and 
there  is  a  clear  chance  for  comparison.  The  main  reason  for  the 
increased  output  was  supposed  to  be  the  avoidance  of  belt  trouble. 
These  milling  machines  were  located  on  the  first  floor.  The  second 
floor  was  also  used  for  a  machine  shop,  and  was  at  times  heavily 
loaded  with  finished  and  unfinished  stock;  this  variation  in  loading 
causing  a  variation  in  the  deflection  of  the  upper  floor,  that  made 
it  necessary  to  keep  the  belt  quite  slack,  for  fear  it  might  be  too 
tight  when  the  upper  floor  was  not  loaded.  Weather  conditions 
have  a  similar  effect;  especially  where  there  are  rapid  changes  in 
humidity.  The  effect  is  to  lower  the  capacity  of  the  machine  by  a 
large  percentage. 

29  Fine  gradations  of  speed.  Another  reason  for  the  greater 
economy  of  motor-driven  machines  is  that  finer  gradations  are  ob- 
tainable with  a  motor  drive.  Of  course,  this  benefit  is  derived  only 
from  a  variable-speed  motor.  When  attention  was  called  to  this 
feature  earlier  in  the  paper,  nothing  was  taken  into  consideration 
except  the  fact  that  it  would  be  possible  with  the  variable-speed 
motor  to  obtain  a  speed  in  accordance  with  the  material  to  be  cut, 
and  with  the  diameter  of  the  work  or  of  the  cutter.  However,  there 
is  more  than  this  to  be  considered.  A  lot  of  castings  are  seldom  or 
never  of  uniform  hardness.  This  being  the  case,  it  is  quite  natural 
for  the  operator  to  set  his  machine  for  the  hardest  piece  in  the  lot, 
and  it  may  well  happen  that  he  strikes  the  hardest  piece  first.  Where 
he  has  simple  means  for  varying  his  speed,  he  will  be  governed  entirely 
by  the  hardness  of  the  piece  on  which  he  is  doing  work. 

30  No  shifting  of  belts.  The  fact  that  no  belts  have  to  be  shifted 
is  [another  cause  of  increased  efficiency.  The  machine  operator 
who  shifts  belts  for  pleasure  has  yet  to  be  found.  Besides,  where 
the  ceiling  is  high,  it  ig  not  easily  possible  to  bhift  a  belt  without 
the  aid  of  a  long  stick;  and  this  stick  is  generally  somewhere  else. 
The  amount  of  time  lost  in  hunting  for  the  stick,  and  in  the  operation 
of  shifting  the  belt,  may  be  quite  considerable  in  itself,  especially 
in  shops  where  small  lots  are  the  rule  and  where  it  does  not  pay  to 
perform  only  one  operation  at  a  time,  so  that  a  single  piece  must 
receive  all  the  operations  of  a  certain  ihachine  before  it  is  taken  out 
of  it. 

31  But  worse  than  the  loss  of  time  in  shifting  belts  is  the  fact  that 
this  shifting  is  generally  entirely  neglected,  and  all  the  various  opera- 
tions are  carried  out  at  the  speed  of  the  slowest.     There  are  cases 
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where  the  gain  due  to  this  feature  of  the  motor  drive  may  be  negligible, 
and  there  are  other  cases  where  this  gain  may  be  a  large  percentage. 

32  Increase  in  power  with  increase  in  speed.  Another  point  in 
favor  of  the  motor  drive,  is  the  fact  that  it  is  possible  to  speed  up  a 
machine  with  a  proportional  increase  in  its  power.  This  problem 
appears  whenever  a  change  is  made  from  carbon  to  high-speed 
steels ;  and  though  most  shops  at  the  present  time  are  provided  with 
high-speed  cutting  tools,  this  is  by  no  means  true  to  such  an  extent 
that  this  point  may  be  overlooked.  There  are  few,  if  any  shops 
where  some  operations  are  not  done  with  carbon-steel  tools,  some- 
times because  high-speed  steel  has  been  overlooked,  but  more  often 
because  no  benefits  would  be  derived  from  it  as  the  machine  could 
not  be  run  at  a  higher  speed  without  cutting  down  the  depth  of  cut 
or  feed.  In  some  cases,  this  can  be  corrected  by  putting  a  larger 
pulley  on  the  line  shaft;  but  in  the  majority  of  cases  which  have  come 
to  the  attention  of  the  writer,  this  could  not  be  done  without  more 
elaborate  changes. 

33  Generally  speaking,  it  is  a  small  thing  to  increase  the  speed  of 
a  motor-driven  tool  without  cutting  down  its  torque.  Not  long  ago 
a  number  of  cases  came  to  the  attention  of  the  writer,  which  put 
this  matter  to  him  in  a  very  clear  light.  Some  boring  machines, 
used  for  boring  holes  out  of  the  solid  in  steel  bars,  and  using  twist 
drills  for  this  purpose,  were  supplied  with  high-speed  drills;  but  it 
was  found  that  the  feed  could  not  be  increased,  as  the  machine  was 
run  to  the  limit  of  its  capacity.  It  was  further  found  impossible 
to  shift  the  belt  to  a  larger  step  of  the  cone,  thus  giving  more  torque, 
as  it  was  not  practical  to  increase  the  speed  of  the  machine  without 
making  extensive  changes  in  the  arrangement  of  the  line  shaft. 
A  motor  drive  would  nave  solved  the  problem  and  would  have 
increased  the  feed  from  |  in.  to  1;^  in.  per  minute.  Such  instances  are 
by  no  means  rare.  It  is  this  feature  of  the  motor  drive  which  makes 
it  possible,  in  many  cases,  to  get  the  full  benefit  of  high-speed  steels 
with  old  machines. 

HANDLING    OF    THE    WORK 

34  Electric  cranes.  Electric  current  in  a  shop  not  only  makes  it 
possible  to  get  more  production  from  macKines  individually,  but 
admits  of  a  number  of  improvements  in  the  handling  of  work.  The 
electric  traveling  crane  has  become  such  a  common  aid  in  the  shop 
that  it  is  almost  difficult  to  realize  that  it  is  only  twenty  years  since 
it  was  new.     It  is  also  hard  to  realize  that  it  is  one  of  the  possibilities 
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of  the  electric  drive.  The  effect  of  the  electric  crane  on  the  economy 
of  the  shop  cannot  well  be  over-estimated;  though  it  is  difficult  to 
express  in  figures  the  amount  of  this  economy.  So  much  can  be 
said,  that  only  a  few  shops  are  over-supplied  with  cranes,  while 
in  a  great  number  more  cranes  could  be  placed  to  good  advantage. 
The  installation  of  electric  cranes  or  hoists  in  a  shop  is  somewhat 
similar  to  the  installation  of  compressed  air.  It  is  generally  difficult 
to  estimate  beforehand  with  certainty  the  amount  of  savings  to  be 
effected,  or  to  realize  the  various  uses  to  which  the  apparatus  will 
be  put,  but  once  a  compressor  is  installed  its  capacity  is  soon  exceeded; 
similarly,  the  electric  crane  is  soon  overworked. 

35  The  proper  choice  and  installation  of  electric  cranes  and  hoists 
is  a  separate  branch  of  industrial  engineering,  though  not  generally 
considered  as  such.  The  best  effects  can  be  had .  only  when  the 
apparatus  is  taken  into  consideration  with  the  placing  of  the  tools 
in  the  shop,  and  the  laying  out  of  the  shop  buildings.  Instances 
where  the  exact  amount  of  savings  effected  was  known  even  after 
the  new  apparatus  had  been  installed  for  some  time,  are  also  rare, 
though  not  quite  to  the  same  extent  as  data  about  machine  tools. 
The  installation  of  a  yard  crane  in  a  flask  yard  reduced  the  number 
of  laborers  from  nine  men  to  two  and  the  crane  tender.  The  instal- 
lation of  a  small  electric  hoist,  on  a  small  traveler  worked  by  hand, 
increased  the  output  of  a  milling  machine,  besides  doing  away  with 
the  help  of  a  laborer.  It  should  be  remarked  here  that  the  weight 
of  the  piece  to  be  milled  was  too  much  to  be  lifted  by  hand,  and 
that  the  time  used  for  the  operation  proper  was  small.  Instances 
of  this  kind  are  not  rare  and  have  come  under  the  observation  of 
almost  any  engineer  connected  with  industrial  establishments. 

36  Lifting  magnets.  Tn  line  with  electric  cranes  are  lifting  mag- 
nets, which  are  to  be  considered  as  an  adjunct  to  the  crane.  They 
can  often  be  used  to  good  advantage  for  lifting  plates,  for  loading  and 
unloading  pig-iron  and  scrap,  for  hauling  small  castings  in  quantities, 
and  even  larger  castings  provided  their  shape  and  the  distribution 
of  metal  makes  them  adapted  to  this  mode  of  handling,  for  lifting 
drop  weights,  and  for  a  number  of  other  purposes.  Though  no  in- 
stances are  at  hand,  it  seems  to  the  writer  that  a  small  lifting  magnet 
could  be  used  to  gooe^dvantage  for  collecting  chips  at  the  various 
machine  tools  in  a  shop. 

37  Magnetic  separators.  Magnetic  separators,  though  more  com- 
monly used  in  the  foundry,  are  used  also  in  the  machine  shop  for 
the  complete  separation  of  the  chips  of  various  metals.     However, 
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they  seem  to  be  more  in  the  nature  of   a  luxury  than  of  a  neces- 
sity. 

38  Magnetic  chucks.  This  cannot  be  said  of  magnetic  chucks, 
which  make  it  possible  to  do  quickly,  conveniently  and  accurately 
a  great  many  jobs  which  would  be  very  difficult,  if  not  impossible, 
without  this  piece  of  apparatus.  Magnetic  chucks  are  of  .special 
merit  in  combination  with  small  planers,  shapers,  milling  rnachines, 
lathes  and  grinders.  Their  economical  value  may '  range  from  a 
mere  aid  to  the  operator,  to  the  means  of  doing  a  job  which  could 
not  otherwise  be  done  at  all.  It  is  generally  easy  to  estimate  the 
savings  to  be  effected,  as  the  time  for  ordinary  chucking  methods 
is  well  known,  and  the  time  for  chucking  by  means  of  the  magnetic 
chuck,  is  practically  negligible;  further,  the  amount  of  power  used 
for  the  chucks  does  not  need  to  be  taken  into  consideration.  They 
have  their  limitations  and  are  not  adapted  to  all  or  even  to  a  great 
number  of  operations;  but  where  they  are  applicable  at  all,  they  are 
of  great  value. 

39  Magnetic  clutches.  Magnetic  clutches  seemed  at  one  time 
destined  to  play  a  great  part  in  shop  economy.  So  far,  however, 
they  have  been  a  disappointment.  This  seems  to  be  partly  due  to 
inherent  weaknesses  of  the  magnetic  clutch,  but  perhaps  more  to 
faulty  construction,  and  especially  to  the  fact  that  those  who  designed 
and  developed  the  magnetic  clutch  did  not  quite  clearly  understand 
the  requirements  of  the  machine  tools  to  which  they  were  to  be 
applied,  and  further,  that  those  who  had  to  apply  the  clutch  to 
machine  tools  did  not  understand  the  peculiarities  of  a  magnet. 
There  never  was  the  hearty  cooperation  that  would  make  the  mag- 
netic clutch  a  success. 

40  It  would  not  be  surprising  to  see  the  magnetic  clutch  come 
to  the  foreground  once  more  and  claim  its  own.  There  seems  to  be 
a  field  for  this  kind  of  apparatus  in  controlling  mechanism  of  all 
kinds,  as  well  as  for  braking  the  movement  of  a  machine  or  a  part 
thereof.  Its  peculiar  value  in  this  respect  would  be  to  give  the 
operator  the  means  for  controlling  his  machine,  by  merely  touching 
a  button  or  turning  a  small  switch.  The  magnetic  brake  is  employed 
now,  especially  in  cranes,  indicating  that  there  is  nothing  inherent 
in  the  magnetic  clutch  which  makes  it  unfit  for  application. 

41  Attention  might  be  called  here  to  the  possibilities  of  the 
application  of  the  magnet  in  its  various  forms  to  operations  in  the 
shop,  and  to' functions  in  a  machine  tool.  Magnets  now  are  employed 
for  holding  small  portable  tools  in  position,  and  might  be  used  for 
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vises  and  other  handling  devices.  Further  attention  should  be 
called  to  the  possibility  of  using  the  motor  itself  as  a  brake,  by  short- 
circuiting  the  armature  on  a  given  amount  of  resistance. 

42  Stopping  and  starting  devices.  In  the  previous  paragraphs, 
mention  was  made  of  the  possibility  of  applying  the  electric  magnet 
for  the  purpose  of  controlling  a  machine.  This  might  be  called 
control  from  a  distance  though  in  the  applications  hinted  at,  the 
distance  would  be  very  small  in  most  cases.  There  is  no  reason, 
however,  why  this  distance  could  not  be  increased  at  will.  As  a 
matter  of  fact,  a  number  of  installations  are  in  existence  where 
electric  devices  (though  not  necessarily  electro-magnets)  are  in  use 
for  this  very  purpose.  They  will  be  found  especially  in  rolling 
mills,  and  other  plants  where  given  amounts  of  material  have  to 
be  handled  continuously.  These  devices  enable  the  engineer  to 
minimize  manual  labor,  besides  making  the  plant  safer  and  the 
action  more  continuous. 

43  Electric  signals.  Electric  signal  service  in  shops  was  well 
known  before  the  electric  drive  M^as  thought  of,  but  it  can  be  greatly 
improved  where  electric  power  is  at  hand,  as  lamps  of  different 
colors,  placed  in  the  shop,  will  transmit  intelligence  better  and  with 
less  confusion  than  electric  bells.  The  telephone  would  come  under 
the  head  of  electric  signals,  but  it  is  not  dependent  on  the  use  of 
current  in  the  shop. 

44  Lighting.  One  of  the  greatest  blessings  of  the  electric  current 
in  the  shop  is  electric  lighting.  This  is  so  generally  acknowledged, 
and  so  universally  employed,  however,  that  it  would  be  a  waste  of 
space  to  go  further  into  this  matter  here. 

45  Elasticity  of  shop  arrangement.  Another  great  benefit  of  the 
electric  drive  is  elasticity  of  shop  arrangement.  Growing  establish- 
ments had  to  be  satisfied  with  arrangements  of  machinery  which  had 
no  other  point  in  their  favor  than  that  they  were  the  only  possible 
ones.  It  was  often  necessary  to  place  departments  where  they  should 
not  be,  simply  because  it  was  not  possible  to  drive  the  machinery 
in  them  if  they  were  placed  elsewhere.  The  electric  drive  makes  it 
possible  to  change  the  arrangement  of  the  machinery,  and  the  rela- 
tive location  and  size  of  the  different  departments,  according  to 
the  changing  needs  of  the  shop.  This  principle  of  changing  the  shop 
according  to  the  work  to  be  done,  is  carried  to  its  logical  limit  in 
the  system  of  floor  plates  and  portable  tools. 

46  Besides  making  alterations  in  an  existing  arrangement  pos- 
sible, the  electric  drive  also  allows  departments  to  be  placed  far 
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enough  from  each  other  to  permit  of  extending  each  one  separately, 
without  interfering  with  the  other  departments.  This  was  generally 
not  possible  with  belt  drive,  as  the  distances  became  entirely  too 
large.  It  was  generally  found  necessary  for  large  plants  to  have 
a  multiplicity  of  engines.  A  number  of  the  best  known  modern 
shops  are  witnesses  to  the  advantage  of  electric  drive  in  the  matter 
of  arranging  buildings  and  departments.  It  is  hardly  necessary  to 
mention  that  the  established  ideas  in  regard  to  shop  arrangement 
had  to  be  largely  revised  and  that  there  is  even  now  considerable 
uncertainty  as  to  what  is  the  best  possible  arrangement,  but  it  is 
safe  to  say  that  there  is  little  divergence  of  opinion  as  to  what  kind 
of  drive  will  give  the  greatest  possible  elasticity,  if  elasticity  is 
required  or  deemed  advisable. 

47  Effect  on  operatives.  It  was  mentioned  before  that  the  vari- 
able-speed motor,  applied  to  a  machine  tool  induces  the  operator 
to  experiment  with  the  best  possible  speeds.  There  is,  however, 
another  way  in  which  the  electric  drive  affects  the  efforts  of  the  men. 
It  is  nowadays  well  recognized  that  favorable  conditions  in  regard 
to  light,  heat,  sanitary  conditions,  etc.,  have  their  immediate  effect 
on  the  output  of  the  shop.  These  conditions  cannot  be  ideal  with 
a  confusion  of  belts  obstructing  light  and  gathering  and  distributing 
dirt.  Though  in  most  electrically  driven  shops  belts  are  not  entirely 
absent,  they  are  so  few  that  their  evil  effects  are  reduced  to  a  mini- 
mum. 

RELATION    OF    FIRST    COST    TO    DECREASED    EXPENSES 

48  Whether  savings  are  effected  by  lessening  expenses  depends  on 
the  nature  of  the  old  installation  and  that  of  the  new  one. 

49  The  writer  was  at  one  time  connected  with  a  large  manufac- 
turing plant,  spread  over  a  large  tract  of  ground,  which  in  its  general 
layout  and  operations  is  fairly  representative  of  a  great  number  of 
existing  manufacturing  plants.  It  was  at  that  time  steam-driven, 
as  the  motor  had  not  been  sufficiently  developed  for  a  complete 
electrical  drive  to  be  considered.  However,  the  management  being 
progressive,  partial  conversion  to  electric  drive  was  considered  even 
at  that  time.  The  plant  included  two  multiple-story  buildings  used 
as  machine  and  erecting  shops,  a  forging  shop,  a  building  used  for 
some  machine  operations,  for  dropping  malleable  castings  and  for  a 
warehouse,  a  wood-working  shop  and  warehouse,  another  warehouse, 
and  a  malleable  and  a  grey  iron  casting  foundry.  There  were  in  all 
five  engines  driving  these  different  shops,  with  the  necessary  trans- 
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missions  from  one  building  to  another.  In  a  few  cases,  quite  elab- 
orate systems  of  shafting  were  installed  to  drive  a  single  piece  of 
machinery;  such,  for  instance,  as  the  elevator  in  the  warehouse.  The 
engines  ranged  from  150  to  500-h.p.  It  was  not  possible  at  that  time 
to  determine  accurately  the  aggregate  of  power  consumed  in  that 
plant,  but  it  was  estimated  that  a  single  1500-h.p.  engine  would 
carry  the  entire  load.  In  the  light  of  later  developments,  this 
amount  now  seems  excessive,  as  a  number  of  shops  have  since  found 
that  the  amount  of  loss  by  friction  in  the  transmission  is  greater  than 
what  was  estimated  at  that  time,  namely  30  per  cent.  The  single 
engine  could  have  been  run  condensing,  as  plenty  of  water  was  at 
hand.     The  several  smaller  engines  did  not  pay,  of  course. 

50  The  following  items  would  have  decreased  expenses,  if  this 
plant  had  been  driven  electrically: 

,a  Lower  first  cost  of  engines. 
b  Lower  first  cost  of  boilers, 
c  Lower  cost  of  piping. 
d  Lower  cost  of  power  houses. 
e  Lower  cost  of  stacks. 

/  The  omission  of  all  transmission  machinery. 
g  Greater  economy  of  the  engine  in  its  steam  consumption. 
h  Economy  in  oil  and  waste. 
i  Economy  in  repairs. 

j  Reduction  in  the  number  of  engineers  required. 
k  Reduction  in  the  number  of  firemen  required. 
L  Saving  in  the  handling  of  coal  and  ashes. 
m  A  probable  more  even  load  during  the  day,  as  the  greater 

number  of  machines  on  a  single  engine  has  a  tendency  to 

equalize  the  load. 

51  A  number  of  these  points  are  of  value  when  a  power  plant  is 
newly  built,  but  are  of  no  value  where  an  established  power  plant  is  to 
be  changed.  To  offset  the  above  items  the  following  must  be  con- 
sidered : 

a  Greater  first  cost  due  to  the  generators. 
b  Greater  first  cost  due  to  the  wiring, 
c  Greater  first  cost  due  to  the  motors. 

52  Besides,  there  are  a  great  number  of  other  factors  to  be  con- 
sidered. In  this  plant  there  were  no  duplicate  engines,  so  that  it 
would  not  be  fair  to  figure  in  the  first  cost  of  the  electrical  installa- 
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tion  of  a  reserve  unit;  though,  of  course,  good  present-day  engineer- 
ing would  consider  this  an  absohite  necessity.  It  is  true  that  where 
there  are  a  number  of  engines,  the  breaking  down  of  a  single  engine 
does  not  throw  the  entire  plant  out  of  action;  but  it  is  also  true  that  in 
the  plant  under  consideration  the  stoppage  of  a  single  department 
would  soon  have  closed  the  entire  plant.  Considerations  of  this  kind 
cannot  be  generalized,  but  must  be  taken  up  in  detail  in  every  specific 
case. 

53  Another  point  to  be  kept  in  mind  is,  that  copper  wire  largely 
takes  the  place  of  transmission  machinery,  and  that  such  wire  is  an 
asset  with  practically  no  depreciation  except  that  due  to  fluctuation 
in  price  (and  this  may  be  up  as  well  as  downward) .  On  the  contrary, 
transmission  machinery  should  be  considered  as  an  expense,  as  in 
most  oases  it  has  no  value  except  as  scrap  iron  when  no  longer  in  use. 

COST    OF    UP-KEEP 

54  •Still  another  point,  and  one  which  should  have  most  careful 
consideration,  is  the  value  of  the  time  of  the  plant,  and  the  relative 
chances  of  a  breakdown.  In  some  plants  the  process  is  continuous: 
that  is,  the  product  goes  from  one  machine  to  another  without 
interruption,  and  the  breakdown  of  a  single  machine  would  cause 
the  stoppage  of  the  entire  plant.  In  such  cases  the  breakdown 
should  be  charged  with  the  amount  of  the  productive  capacity  of  the 
entire  plant  during  all  of  the  time  lost.  In  other  plants  the  various 
machines  balance  each  other  only  roughly  and  often  there  is  a  small 
surplus  of  almost  all  kinds  of  machines  in  use,  while  some  of  the  ma- 
chinery is  used  only  part  of  the  time.  Where  these  conditions  pre- 
vail, the  loss  due  to  a  breakdown  of  a  single  machine  may  be  simply 
the  cost  of  repairing  the  apparatus.  In  a  majority  of  cases,  neither 
of  these  two  extremes  is  the  true  condition,  and  the  engineer  consider- 
ing the  kind  of  drive  to  be  used  must  make  some  estimate  of  the  loss 
due  to  a  breakdown  in  any  part  of  the  installation.  It  should  be  kept 
in  mind  that  the  correctness  of  his  estimate  can  never  be  established 
by  positive  proof;  for,  no  matter  which  course  he  takes,  it  is  impossible 
to  say  positively  what  would  have  been  the  result  if  he  had  pursued 
the  other. 

55  Though  all  of  the  points  mentioned  above  affect  the  ultimate 
economy  of  the  power  installation,  their  relative  importance  changes 
with  local  conditions.  For  example,  while  the  saving  in  the  coal  bill 
may  be  of  the  greatest  importance  where  coal  is  high-priced  and  where 


1126  ECONOMY    OF    ELECTRIC    DRIVE    IN    MACHINE    SHOP 

the  expenses  for  power  are  a  large  portion  of  the  total  expenses,  this 
saving  may  be  a  vanishing  quantity  where  coal  is  cheap,  and  where 
the  expenses  for  power  form  but  a  small  fraction  of  the  total  expenses 
of  the  plant. 

56  While  in  the  example  cited  there  was  a  decided  saving  in  the 
number  of  engineers  required  there  may  still  have  been  a  loss  on  this 
score,  due  to  the  fact  that  in  some  small  plants  a  high-grade  engineer 
must  be  employed  for  an  electrical  installation,  whereas  a  combina- 
tion engineer  and  fireman  would  be  good  enough  for  the  engine-driven 
proposition.  And  so  on  all  along  the  line:  what  is  a  saving  in  one 
case  may  be  a  loss  in  another. 

COST    OF   UNIT    POWER 

57  In  practically  all  cases  which  have  come  to  the  notice  of  the 
writer,  the  cost  of  power  per  unit  has  gone  down  after  conversion  to 
electric  drive,  but  in  no  case  was  it  possible  to  point  out  in  what  way 
the  saving  was  effected,  as  in  addition  to  the  substitution  of  electric 
drive  for  shaft  transmission  there  were  always  other  changes  which 
might  affect  the  cost  of  the  power.  Such  changes  were,  more  efficient 
engines,  better  boilers,  new  auxiliary  devices,  etc.  Also  in  all 
these  cases,  the  amount  of  power  required  after  the  conversion  was 
greater  than  before:  but  this  was  not  proof  that  the  new  installa- 
tion was  less  effective  than  the  old  one,  however,  the  probable  cause 
in  all  these  cases  being  that  the  output  of  the  shop  increased  much 
more  than  the  amount  of  power  saved  would  have  taken  care  of.  It 
is  almost  to  be  regretted  that  high-speed  steels  made  their  entrance 
into  the  shop  almost  simultaneously  with  the  electric  drive.  Though 
both  are  good,  they  have  obscured  each  other  to  such  an  extent 
that  it  is  almost  impossible  to  trace  the  effects  of  each  item  separately. 

CHOICE    OF    THE    ELECTRIC    SYSTEM 

58  If,  after  considering  all  these  points  in  a  general  way,  the  engi- 
neer comes  to  the  conclusion  that  the  electric  drive  will  decrease  expen- 
ses, then  the  next  step  will  be  to  select  the  nature  of  the  drive.  The 
diagram  in  Fig.  2  shows  the  main  points  to  be  considered. 

59  Whether  a  central  generating  station  or  a  multiplicity  of 
smaller  plants  is  preferable,  depends  again  on  local  conditions. 
Certain  conditions  might  make  a  number  of  generating  plants  pre- 
ferable, as  for  example,  in  a  plant  which  consists  mainly  of  a  machine 
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shop  requiring  considerable  power,  with  a  smaller  woocl-workingshop 
located  at  a  considerable  distance  from  the  rest  of  the  plant.  In  this 
case,  the  outlay  for  copper  to  supply  the  wood-working  shop  with 
power  would  be  considerable;  whereas,  by  placing  an  individual  gener- 
ating plant  near  the  wood-working  shop,  the  shavings  might  be  used 
instead  of  coal. 

60  Another  case  would  be  where  a  portion  of  the  shop  requires  a 
great  amount  of  power,  but  only  for  a  short  time  each  day,  or  per- 
haps at  long  intervals,  thus  necessitating  a  large  outlay  in  generating 
machinery  and  copper.  By  separating  this  plant,  the  outlay  for 
copper  is  avoided  and  a  cheaper  class  of  generating  machinery  may 
be  used. 

61  The  writer  has  in  mind  a  plant  devoted  to  the  making  of  elec- 
tric generators  and  motors.     By  far  the  greater  part  of  its  output  is  in 
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Fig.  2    Showing  the  Divisions  of  Electric  Drive 

smaller  units,  but  a  certain  small  percentage  is  in  larger  generating 
units.  The  power  required  for  testing  these  large  generators  exceeds 
in  amount  all  the  power  required  for  the  entire  plant.  This  plant  gets 
its  current  from  a  central  station  near  by,  but  the  amount  of  copper 
required  for  the  large  testing  currents  would  be  more  than  the  cost  of 
installation  of  a  cheap  gas  engine  and  generator.  Here  again  the 
engineer  must  consider  conditions  as  he  finds  them  and  must  not  be 
governed  by  general  principles  only. 

ALTERNATING    OR   DIRECT    CURRENT 

62  The  question  whether  alternating  or  direct  current  should  be 
used  is  especially  difficult  of  solution,  and  there  is  a  wide  diff"erence  of 
opinion  among  engineers  as  to  which  is  best.  It  way  be  that  too  many 
engineers  look  at  this  proposition  only  from  a  power  standpoint,  with- 
out giving  due  attention  to  the  output  of  the  plant.  Commercial 
reasons  also  have  figured  largely  in  the  past,  the  representatives  of 
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companies  manufacturing  both  kinds  of  apparatus  natural!}^  advocat- 
ing the  alternating  variety,  as  by  so  doing  they  eliminated  some  com- 
petition. Now  that  more  electrical  companies  manufacture  alternat- 
ing apparatus,  this  phase  of  the  matter  has  almost  entirely  disappeared 

63  Alternating  current.  It  may  be  said  that,  all  other  condition? 
being  the  same,  alternating  current  offers  an  advantage  when  the 
distances  over  which  the  current  must  be  transmitted  are  considerable. 
The  fact  that  current  can  be  generated  at  high  voltage  diminishes  the 
amount  of  copper  needed  for  transmission,  but  here  again  the  prol)lem 
is  not  simple.  Attention  must  be  paid  to  the  expenses  incurred  in 
step-up  and  step-down  transformers  and  auxiliary  apparatus;  and  also 
to  the  fact  that  money  invested  in  copper  conductors  is  lost  only  in 
part,  while  money  invested  in  auxiliary  apparatus  is  lost  almost 
entirely  in  case  of  a  change.  There  are  a  number  of  cases  where  the 
installation  of  alternating  current  would  be  the  only  practical  solu- 
tion, on  account  of  the  long  distances  and  the  heavy  currents  to  be 
carried. 

64  The  advantages  of  alternating  current,  as  well  as  its  disadvan- 
tages, are  well  understood,  and  it  is  unnecessary  to  call  attention  to 
these  points.  It  may  be  well,  however,  to  point  out  instances  where 
it  is  easy  to  make  a  choice.  Given  a  plant  covering  a  large  area  and 
using  large  amounts  of  current,  of  which  only  a  small  portion  is  used 
for  variable-speed  machinery,  and  of  sufficient  size  to  permit  of  the 
use  of  a  separate  unit  for  lighting  current,  and  alternating  current 
would  be  the  logical  solution.  On  the  other  hand,  given  a  compact 
plant,  using  a  large  portion  of  th(;  power  for  variable-speed  machinery, 
direct-driven  by  motors,  and  of  which  the  lighting  load  is  small  in  the 
daytime,  and  it  would  be  natural  to  select  direct  current.  As  a  rule, 
however,  conditions  are  not  so  simple,  and  it  is  generally  very  difficult 
to  prophesy  which  system  will  give  the  best  results.  Of  late  the  prob- 
lem has  been  complicated  by  the  fact  that  a  great  many  machine 
tools  may  be  had  with  single-pulley  drive,  to  which  an  alternating- 
current  or  a  direct-current  motor  is  equally  applicable. 

65  Alternating-current  motors.  The  points  in  favor  of  the  alter- 
nating-current motor  are  then: 

a  High  breakdown  point;  that  is,  the  motor  goes  on  with 
no  material  change  in  speed  under  very  heavy  overload. 

h  Freedom  from  commutator  trouble.  This  is  especially 
valuable  where  fine  chips  are  made,  or  where  compressed 
air  is  used  in  connection  with  the  machine.     It  is  not  such 
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a  weighty  point  as  it  used  to  be,  as  the  better  makes  of 
direct-current  motors  are  now  equally  free  from  this  kind 
of  trouble. 
c  Most  cities  are  now  lighted  by  alternating  current,  so  that  city 
current  can  be  used  in  smaller  plants,  provided  the 
machine  tools  are  arranged  for  this  kind  of  motor. 

66  Direct-current  motors.  The  points  in  favor  of  the  direct-current 
motor  are: 

a  Wider  air-gap,  allowing  a  greater  amount  of  wear  in  the 
bearings  before  the  motor  has  to  be  repaired. 

b  The  possibility  of  power  and  lighting-loads  on  the  same 
circuits  without  the  poor  regulation  due  to  inductive  load. 

c  The  possibility  of  using  variable-speed  motors.  This  is, 
perhaps,  the  greatest  argument  in  favor  of  the  direct- 
current  motor.  Though  it  is  possible  to  run  a  great 
many  machine  tools  by  a  motor,  yet  one  of  the  greatest 
advantages  of  such  a  drive  is  not  available,  unless  the 
motor  is  of  the  variable-speed  variety. 

67  Alternating  voltage.  When  a  decision  has  been  reached  as  to 
the  nature  of  the  current  to  be  employed,  the  next  step  will  be  to 
decide  as  to  the  voltage.  A  high  voltage  is  likely  to  be  in  favor  if 
distance  was  a  controlling  factor  in  the  decision  to  use  alternating 
current:  for  it  is  this  possibility  of  using  high  voltage,  which  makes 
alternating  current  desirable  under  those  conditions.  Where  the  dis- 
tances are  relatively  small,  it  becomes  simply  a  matter  of  computa- 
tion whether  low  copper  cost  plus  the  expenses  for  transformers,  etc., 
will  give  greater  or  less  economy  than  high  copper  cost  without  aux- 
iliary apparatus.  In  a  great  number  of  cases,  current  is  bought  from 
some  power  company,  and  in  such  cases  there  is  no  choice.  In  any 
case,  however,  it  remains  to  be  decided  to  what  voltage  the  current 
shall  be  transformed.  Few  engineers  nowadays  adopt  the  440-volt 
current,  on  account  of  the  greater  danger,  and  for  the  same  reason 
500-volt  direct  current  is  very  little  used.  It  should  be  kept  in  mind 
that  alternating  current  is  more  dangerous  than  direct  current  of  the 
same  voltage. 

68  Frequeiicy  and  'phase.  Frequency  depends  on  the  use  to  be 
made  of  the  alternating  current.  In  late  years  a  compromise  has  been 
reached,  which  fills  practically  all  wants  of  the  shop  by  one  single 
frequency,  namely  60  cycles. 

69  Though  there  is  still  some  difference  of  opinion,  the  question  of 
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the  number  of  phases  is  now  fairly  well  settled  in  favor  of  the  three- 
phase  current.  It  would  be  difficult,  however,  to  point  out  the 
advantage  of  this  system  over  the  two-phase  system,  or  vice  versa, 
as  far  as  use  in  shops  is  concerned. 

70  Direct  voltage.  The  choice  of  voltage  is  easier  when  direct  cur- 
rent is  used.  There  was  a  time  when  the  multiple  voltage  seemed  to 
take  a  strong  hold  on  engineers  for  use  in  machine  shops,  and  the 
writer  must  confess  that  he  had  strong  faith  in  the  ultimate  success  of 
this  system.  However,  the  development  of  the  variable-speed  motor 
has  made  the  system  somewhat  superfluous  and  it  has  not  been 
installed  in  any  new  shops  of  late.  It  might  be  said  that,  for  all  prac- 
tical purposes,  the  system  is  dead. 

71  There  is,  however,  a  kind  of  multiple- voltage  system  in  use 
which  deserves  even  at  the  present  day  the  serious  consideration  of  the 
engineer.  This  is  the  three-wire  system,  which  allows  of  the  use  of 
110  and  220  volts  in  the  same  shop.  The  110-volt  system  alone 
would  require  a  large  amount  of  copper  for  power  purposes,  while 
the  220- volt  installation  leads  to  some  difficulties  in  regard  to  lighting. 
However,  there  are  many  installations  where  the  220-volt  system 
is  used  throughout,  both  for  power  and  lighting,  while  the  number  of 
shops  where  a  110-volt  system  is  used  for  both  purposes  is  very  small. 

72  There  are  a  few  shops  using  500  volts,  but  the  number  is  very 
small  as  compared  with  the  other  voltages;  and  it  is  generally  possible 
to  trace  the  reason  for  such  an  installation  to  the  fact  that  the  500- 
volt  current  is  available  because  used  for  some  other  purposes,  as,  for 
instance,  in  the  case  of  a  repair  shop  for  a  street  railway  system.  This 
system  is  not  to  be  recommended  for  a  shop  (though  it  is  economical 
in  the  use  of  copper),  for  the  reason  that  it  is  dangerous  and  where 
there  are  a  large  number  of  circuits  and  much  metal  in  buildings  and 
machinery  great  care  must  be  taken  to  avoid  grounds. 

73  Combined  alternating-current  direct-current  systems.  There  is 
finally  the  combination  of  alternating  and  direct  current  to  be  con- 
sidered. This  combination  has  its  advantages,  especially  where  it  is 
possible  to  purchase  current  from  some  large  power  company,  which 
as  a  rule  delivers  its  product  as  alternating  current.  Transformers 
reduce  the  voltage  to  the  proper  point  at  the  entrance  to  the  shop,  and 
the  low-voltage  alternating  current  can  be  used  for  all  purposes  except 
for  driving  variable-speed  motors,  and  perhaps  some  auxiliary  appara- 
tus such  as  magnetic  clutches,  lifting  magnets,  etc.  As  the  cost  of 
installation  is  generally  low  in  such  a  case,  and  the  price  per  unit  of 
power  usually  less  than  it  could  be  made  for,  such  an  arrangement  is  so 
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inviting  that  a  number  of  objectionable  features  may  be  overlooked. 
The  most  serious  objection,  perhaps,  to  this  method  of  driving  a  shop, 
is  that  the  shop  has  absolutely  no  control  over  the  supply  of  current, 
and  there  is  nothing  to  be  done  in  the  case  of  a  breakdown  but  sit 
down  and  wait.  This  is  especially  serious,  as  power  delivered  in  this 
manner  is  generally  transmitted  over  a  long  distance  which  increases 
the  chance  of  a  break  in  the  wires  especially  in  bad  weather. 

METHODS   OF   APPLYING  MOTORS  TO  MACHINE  TOOLS 

74  The  mode  of  application  of  a  motor  to  a  machine  tool,  the  selec- 
tion of  the  motor,  and  the  hues  along  which  economical  results  may 
be  expected,  are  fairly  well  defined  at  the  present  time.  The  follow- 
ing tabulation  shows  the  present  state  of  the  art. 

75  Bench  lathes:  To  be  driven  from  a  countershaft,  attached  to 
the  wall  or.  bench  and  driven  in  its  turn  by  a  motor.  Any  kind  of 
motor,  except  a  series-wound  or  heavily  compounded  motor  will 
do.  The  object  of  the  motor  drive  is  to  get  the  machine  in  the  best 
possible  location  without  regard  to  the  location  of  the  line  shafting. 
A  number  of  these  machines  may  be  driven  by  a  common  line  shaft, 
driven  by  a  motor. 

76  Speed  lathes:  To  be  driven  from  a  countershaft,  located  under 
the  lathe,  or  by  a  direct-connected  motor.  In  the  latter  case,  a  varia- 
ble-speed motor  is  to  be  preferred,  if  direct  current  is  available.  Motor 
drive  is  recommended  when  the  machine  is  used  in  the  assembling 
department  as  the  machine  may  then  be  placed  where  it  is  most  needed, 
and  the  assembling  department  being  generally  of  greater  height  than 
other  departments  crane  service  would  interfere  with  countershafts. 
There  will  be  no  material  gain,  if  the  machine  is  to  be  used  for  ordi- 
nary shop  operations. 

77  Engine  lathes:  Various  modes  of  motor-driving  are  in  use. 
Some  makers  furnish  motor-driven  engine  lathes  as  standard  appara- 
tus. Some  have  a  headstock  with  a  limited  number  of  speeds  and 
depend  on  a  variable-speed  motor  to  fill  out  the  speeds  of  the  lathe. 
Others  apply  a  constant-speed  motor,  or  one  with  a  limited  amount  of 
variation,  to  an  all-geared  headstock.  In  general  the  use  of  this  class 
of  machines  in  the  shop  would  naturally  lead  to  group  drive.  Advan- 
tages of  the  individual  motor  drive  lie  in  the  possibility  of  completing 
a  job  in  one  setting.  There  is  no  material  advantage,  if  the  machines 
are  used  for  regular  manufacturing  operations,  except  where  the  loca- 
tion demands  the  motor  drive. 
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78.  Heavy  engine  lathes,  forge  lathes,  etc.:  To  be  driven  by  a  direct- 
connected  motor.  The  motor  should  be  direct-current,  as  these 
machines  are  too  heavy  to  permit  a  convenient  all-gear  drive.  If  no 
direct  current  is  available  and  there  is  only  one  machine  of  its  class  in 
the  shop,  and  this  is  used  for  an  occasional  job  only,  an  alternating- 
current  motor  could  be  used,  leaving  a  wide  gap  in  the  speeds.  If 
these  machines  are  used  for  manufacturing  purposes,  however,  it  will 
pay  to  install  a  small  synchronous  connector.  The  speed  range  in  the 
motor  does  not  need  to  exceed  two  to  one,  though  a  wider  range  is 
better  if  obtainable  without  complications  or  large  expenses.  The 
position  of  the  motor  should  be  low,  as  the  vibrations  in  the  motor- 
support  have  a  decided  influence  on  the  capacity  of  the  machine,  as 
well  as  on  the  repair  bill.  The  output  of  this  class  of  machine  may 
easily  be  increased  from  20  per  cent  to  25  per  cent  by  motor  drive. 

79  Further  advantages  of  the  motor  drive  are,  the  possibility  of 
placing  the  machine  in  the  line  of  the  routing  of  heavy  work,  and  of 
placing  it  immediately  under  the  traveling  crane.  This  latter  object 
may  be  reached  with  a  belt-driven  machine  by  placing  the  headstock 
under  the  gallery,  if  the  construction  of  the  shop  lends  itself  to  this 
arrangement,  but  the  same  convenience  as  that  of  the  motor  drive 
cannot  be  obtained. 

80  Axle  lathes,  wheel  lathes  and  driving  wheel  lathes:  It  is  of 
the  greatest  importance  that  this  class  of  machinery  should  have  the 
highest  possible  efficiency,  and  the  most  convenient  location.  These 
machines  are  mostly  used  in  railroad  repair  shops,  where  time  saved 
does  not  mean  merely  the  saving  of  some  wages,  but  each  day  gained 
means  an  added  day  in  the  earning  capacity  of  the  engine.  It  is 
therefore  important  that  these  machines  be  motor-driven  whenever 
installed  in  a  railroad  repair  shop,  though  this  does  not  mean  that 
they  should  not  be  so  driven  if  used  for  manufacturing.  Direct  cur- 
rent should  be  used.  The  economy  of  the  motor  drive  should  not  be 
figured  in  increased  output,  but  in  reduction  in  time  required  to  repair 
an  engine. 

81  Chucking  lathes:  Generally  speaking,  there  is  little  reason  why 
a  chucking  lathe  should  be  motor-driven.  Most  chucking  lathes  are 
provided  with  the  necessary  mechanism  to  shift  speeds  quickly.  A 
few  types  handling  large  work  may  be  motor-driven  to  advantage, 
though  practically  the  only  advantage  lies  in  the  fact  that  small  gradu- 
ations in  speed  can  be  thus  obtained.  Such  machines  therefore  require 
a  variable-speed  motor. 

82  Automatic  screw  machines:     Small  machines  of  this  class  are 
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generally  group-driven.  Large  machines  may  be  motor-driven  to 
good  advantage.  The  larger  sizes  have  generally  one  or  two  speeds  for 
one  piece  of  work,  though  these  speeds  may  be  varied  when  the 
machine  is  reset  for  a  new  piece  of  work.  The  speed  given  to  the 
machine  must  naturally  be  proportional  to  the  largest  diameter  to  be 
turned,  or  in  other  words,  to  the  size  of  stock  used.  This  will  reduce 
the  speed  for  some  of  the  operations,  such  as  drilling,  and  reaming, 
far  below  the  economical  speed.  The  amount  of  time  saved  by  the 
application  of  the  variable-speed  motor  may  be  considerable.  Where 
the  construction  of  the  machine  permits,  two  motors,  one  for  feed  and 
one  for  speed,  would  give  still  better  results.  In  all  cases  variable- 
speed  motors  should  be  used. 

83  Drill  presses:  The  only  reason  why  a  sensitive  drill  should 
be  individually  motor-driven  is,  that  it  is  often  used  in  an  assembling 
department,  where  height  of  ceiling  and  crane  service  would  make  a 
belt  drive  awkward  or  impossible.  Most  sensitive  drills  have  in 
themselves  all  the  speeds  required  for  their  work,  so  that  any  type 
of  motor  will  be  adaptable.  The  motor  may  either  be  directly  applied 
to  the  machine  or  may  drive  a  countershaft  on  a  stand,  or  be  placed 
on  the  floor  by  the  side  of  the  machine  in  case  the  machine  carries  its 
own  set  of  cones  or  other  variable-speed  device. 

84  Drill  presses:  Generally  speaking,  the  upright  drill  is  used  for 
manufacturing  operations  and  does  not  require  frequent  changes  of 
speed.  There  are,  however,  many  exceptions,  for  instance,  where  up- 
right drills  are  used  to  do  all  the  operations  on  a  piece  by  means  of  a 
jig.  In  this  case  frequent  changes  of  tools,  and  therefore  of  speeds, 
are  required,  and  an  individual  motor  drive,  whether  direct-connected 
to  the  machine,  or  operating  on  the  countershaft,  is  of  the  greatest 
benefit.  No  great  benefit  can  be  derived  from  a  constant-speed  motoi' 
with  this  type  of  machine.  Radial  drills  may  be  considered  the 
same  as  upright  drills.  There  is  an  additional  reason  why  radial 
drills  should  be  motor-driven — they  are  often  used  in  the  neighbor- 
hood of  the  assembling  floor. 

85  Boring  machines:  Where  boring  machines  are  specialized, 
performing  only  one  operation,  there  is  no  good  reason  why  the  motor 
drive  should  be  preferred  to  belt  drives.  Where,  however,  the 
machine  is  used  for  a  multiplicity  of  operations,  such  as  drilling,  bor- 
ing, reaming  and  facing,  a  motor  drive  is  beneficial  if  a  variable  speed 
motor  is  used.  The  range  of  speed  of  the  motor  should  be  as  wide  as 
possible,  that  no  gears  may  have  to  be  shifted  for  the  entire  set  of 
operations  on  a  single  hole.  Especially  where  a  boring  machine  is 
used  for  facing,  this  variable  speed  will  be  found  highly  economical. 
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86  Grinders:  Grinders  in  general  require  so  many  various  move- 
ments driven  from  countershafts  that  it  is  hardly  possible  to  apply  a 
single  motor  directly  to  the  machine.  The  best  that  can  be  done  is 
to  attach  the  countershaft  to  the  machine  and  drive  the  former  from 
a  motor  standing  on  the  floor  or  on  a  bracket  attached  to  the  machine. 
In  isolated  cases  it  would  be  well  to  have  one  or  more  motors,  each 
controlling  a  single  operation,  attached  directly  to  the  machine. 

87  Planers:  Planers  in  general  are  not  benefited  by  the  applica- 
tion of  a  motor,  as  the  motor  only  complicates  the  difficulties  of  a 
planer  drive.  However,  large  planers  which  must  be  placed  under  a 
crane  give  better  results  when  motor-driven  on  account  of  the  facility 
of  handling  the  work.  Another  possible  advantage  when  using  a 
variable-speed  motor  and  conti^olling  the  speed  of  the  motor  at  the 
end  of  the  stroke,  is  that  much  higher  return  speeds  can  be  obtained 
in  connection  with  any  desired  cutting  speed. 

88  Shapers,  slotters  etc.:  What  is  true  of  planers  is  also  true  of 
these  classes  of  machines.  Local  conditions  may  make  it  advisable 
to  drive  them  individually  by  motor,  but  generally  speaking,  there 
is  no  great  benefit  with  this  drive. 

89  Milling  machines:  The  larger  sizes  of  knee-and-column  type 
machines,  if  motor-driven,  will  give  the  best  results  if  the  motor  is  of 
the  variable-speed  type,  especially  where  these  machines  are  used  for 
gang  work.  This  is  due  to  the  fact  that  the  speed  of  the  mills  is 
dependent  on  the  largest  cutter  in  the  gang,  while  the  feed  is  depend- 
ent on  the  smallest  cutter  not  counting  the  limitations  due  to  the 
nature  of  the  work.  It  is  therefore  important  that  the  speed  should  be 
as  close  to  the  permissible  limit  as  possible.  When  applied  to  this 
type  of  milling  machine  the  motor  should  be  as  low  down  as  possible, 
as  vibrations  in  the  machine  have  a  marked  effect  on  the  quality  of 
the  finish. 

90  Planer-type  milling  machines:  In  practically  all  cases  this 
type  of  machine  should  be  motor-driven  in  order  that  they  may  be 
located  under  a  crane.  It  is  not  so  very  material,  however,  whether 
the  motor  is  of  the  constant-speed  or  variable-speed  type. 

91  PuJiches,  bending  rolls,  shears,  etc.:  This  class  of  machinery, 
used  largely  for  boiler,  bridge,  structural  iron  and  ship-building  work, 
is  generally  placed  in  high  shops  and  under  cranes,  and  in  locations 
and  directions  most  convenient  for  the  routing  of  the  work.  The 
shops  in  which  they  are  placed  are  generally  large  and  contain  a 
relatively  small  amount  of  machinery,  so  that  the  amount  of  trans- 
mission gearing  required  is  large  in  proportion  to  the  amount  of 
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machinery.  It  is  for  this  reason  advisable  in  almost  all  cases  to 
drive  this  class  of  machinery  by  an  electric  motor,  which,  of  course, 
does  not  need  to  be  of  the  variable-speed  type. 

92  It  was  not  the  intention  to  go  into  detail  on  the  application  of 
the  motor  to  the  machine  tool,  and  the  above  should  be  considered  as 
merely  an  enumeration  of  some  of  the  important  points  on  the  most 
constantly  used  machines.  It  is  in  no  way  a  treatise  of  motor  drive 
applied  to  machine  tools. 


THE  BUCYRUS  LOCOMOTIVE  PILE  DRIVER 

By  Walter  Ferris,  South  Milwaukee,  Wis. 
Member  of  the  Society 

The  machine  described  in  this  paper  is  of  some  engineering  interest 
as  the  most  siil)stantial  and  complete  railway  pile  driver  yet  produced. 
Its  special  claims  to  consideration  as  a  new  development  in  mechanical 
engineering,  however,  lie  in  the  unusual  arrangement  and  strength  of 
the  self-propelling  mechanism,  and  in  the  self-contained  hydraulic 
turntable,  whereby  the  entire  machine,  including  trucks,  is  quickly 
lifted  clear  of  the  rails  and  turned  end  for  end.  The  propelling 
engines,  mounted  on  the  car  body  and  delivering  more  than  250  h.p., 
are  connected  to  the  axles  of  ordinary  bogie  trucks  without  inter- 
fering with  the  movements  of  the  trucks  in  turning  curves,  passing 
over  frogs,  and  the  like. 

2  The  machine  was  designed  to  meet  the  requirement  of  the 
Atchison,  Topeka  &  Santa  Fe  Railway  system,  for  a  pile  driver  cap- 
able of  climbing  any  grade  on  their  line  and  hauling  its  own  cars  of 
piles,  tools,  etc.  The  self-propelling  pile  drivers  built  hitherto  are 
capable  of  moving  themselves  for  short  distances  while  at  work, 
but  from  lack  of  sufficient  steam  capacity  as  well  as  engine  power  must 
have  a  locomotive  in  constant  attendance.  The  services  of  this  loco- 
motive are  usually  charged  against  the  bridge  department  of  a  railway 
at  the  rate  of  from  $20  to  $.30  per  day.  After  having  used  several  of 
the  ordinary  self-propelling  machines,  A.  F.  Robinson,  bridge  engineer 
of  the  Santa  Fe  system,  prepared  specifications  calling  for  a  pile 
driver  of  mu  ch  higher  propelling  pO wer .  This  resulted  in  the  designing 
by  the  Bucyrus  Company  of  the  machine  herein  described,  which  has 
been  in  active  service  on  the  Santa  Fe  lines  since  January  1909. 

3  The  general  appearance  of  the  machine  is  shown  in  the  illus- 
trations. Fig.  1  shows  the  machine  with  leadei-s  folded  in  shipping 
position.  Fig.  2  shows  the  leaders  up  ready  for  driving  with  the 
swinging  frame  turned  across  the  track,  and  also  shows  how^  the  coun- 

All  papers  are  subject  to  revision. 


1138 


THE    BUCYRUS    LOCOMOTIVE    PILE    DRIVER 


P=H 


THE    BUCYRUS    LOCOMOTIVE    PILE    DRIVER 


1139 


Fig.  2    The  Leaders  in  Position  for  Driving  with  the  Swinging  Frame 

Across  the  Tbac^ 


1140  THE    BUCYRUS    LOCOMOTIVE    PILE    DRIVER 

terweight  on  the  opposite  side  of  the  swinging  frame  balances  the 
weight  of  the  leaders,  keeping  the  machine  always  in  a  stable  condi- 
tion. In  this  position  a  pile  can  be  driven  19  ft.  from  the  center  of  the 
track. 

4  Fig.  4  shows  the  machine  standing  on  its  hydraulic  turntable 
with  all  wheels  in  the  air.  In  this  position  and  without  any  blocking 
the  pile  was  picked  up,  put  in  place  in  the  leaders  and  driven  at  a 
distance  of  32  ft.  from  the  center  of  the  track.  It  was  not  desirable 
to  drive  this  pile  all  the  way  in  and  the  leaders  were  therefore  backed 
down  to  clear  the  partially  driven  pile.  The  principal  use  of  the 
hydraulic  turntable,  which  will  be  described  later  on,  is  to  turn 
the  machine  end  for  end  when  there  is  no  railway  turntable  or  "Y" 
available. 

5  Fig.  3  shows  the  general  arrangement  of  machineiy.  The  car 
is  40  ft.  long,  built  entirely  of  structural  steel  and  steel  castings. 
On  the  front  end  is  mounted  the  swinging  frame,  shown  in  Figs.  1,  2 
and  4,  consisting  of  a  pair  of  parallel  trusses  supporting  the  leaders  at 
one  end  and  a  counterweight  at  the  other  end  with  the  necessary 
parts  for  raising  and  lowering  the  leaders  and  swinging  the  entire 
frame  to  the  right  or  left  at  right  angles  to  the  car  body.  This  frame 
is  swung  by  a  large  worm  wheel,  which  also  serves  to  raise  and  lower 
the  leaders. 

6  The  latter  operations  are  accomplished  by  means  of  the  long 
worm-wheel  hub  projecting  upward  through  the  center  pintle  upon 
which  the  swinging  frame  revolves,  a  double-grooved  sheave  or  drum 
being  keyed  to  the  upper  end  of  the  worm-wheel  hub.  This  drum  is 
provided  with  a  clutch  by  which  it  can  be  engaged  with  the  main  base 
plate  of  the  revolving  frame.  When  this  clutch  engages  with  the 
swinging  frame  the  latter  moves  with  the  worm  wheel.  When  the 
clutch  is  out  of  engagement,  however,  and  a  brake  is  applied  between 
the  car  body  and  the  swinging  frame,  the  revolution  of  the  worm 
wheel  does  not  carry  the  swinging  frame  with  it,  but  merely  turns  the 
drum,  which  is  keyed  to  the  worm  wheel. 

7  The  ropes  leading  from  the  drum  to  either  end  of  the  revolving 
frame  are  so  arranged  as  to  raise  or  lower  the  leaders.  The  details 
of  the  worm  wheel,  drum,  clutch,  etc.,  are  clearly  shown  in  Fig.  5. 
This  figure  also  shows  a  large  circular  base  plate  on  the  car,  for  support- 
ing the  weight  of  the  revolving  f  ra  me.  The  latter  is  provided  with  four 
conical  rollers  which  rest  upon  the  finished  upper  surface  of  the  base 
plate. 

8  From  Fig.  3  it  may  be  seen  that  the  leaders  are  mounted  on  a 
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Fia.  3    Side  and  Front  Elevations  and  Partial  Plan  of  BncYRUs  Locomotive  Pile  Driver 
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leader-raising  frame  by  means  of  a  pivot  near  the  center  of  the  leaders. 
A  screw  and  nut  device  takes  hold  of  the  leaders  some  distance  below 
the  pivot  and  with  this  they  can  be  inclined  either  to  right  or  left  so  as 
to  drive  batter  piles.  The  arrangement  for  raising  and  lowering  the 
leaders  acts  directly  upon  the  raising  frame,  which  is  carried  by  two 
rolling  trucks  A  which  roll  on  the  top  of  the  upper  chords  of  the 
swinging  frame,  while  the  radius  arm  B  takes  hold  of  the  lower  end  of 
the  raising  frame,  causing  it  to  move  in  the  arc  of  a  circle  as  indicated. 
The  ropes  C  andZ)  over  the  drum  pass  around  suitable  idler  sheaves 
and  are  anchored  to  the  sliding  crosshead  E  forming  a  closed  circuit. 
From  this  crosshead  the  raising  arms  F  take  hold  of  the  raising  frame, 
transmitting  the  movement  of  the  crosshead  to  the  latter.  The  ham- 
mer-hoist rope,  pile-hoist  rope  and  steam  pipe  (the  last-named  is 
not  shown)  run  up  from  the  car  body  to  the  swinging  frame  through 
the  large  hollow  hub  of  the  swinging  worm  wheel.  The  steam  pipe 
is  on  the  center  and  the  ropes  are  so  close  on  either  side  that  they  work 
equally  well  with  the  leaders  in  any  position  with  regard  to  the  car 
body. 

9  The  main  engines  are  11  in.  l^y  12  in.,  with  double  cylinders  and 
Stephenson  link  motion.  From  the  crank  shaft  the  two  drums  for  the 
pile-hoist  and  hammer-hoist  lines  are  geaicd  in  the  usual  manner  with 
cone  friction  clutches.  The  engines,  however,  are  much  more  power- 
ful than  would  be  required  for  these  drums.  The  propelling  gearing 
consists  of  two  inclined  shafts  leading  from  the  crank  shaft  of  the 
engine  to  the  rear  axle  of  the  forward  truck  and  the  forward  axle 
of  the  rear  truck.  From  Fig.  3  it  will  be  seen  that  each  of  these  shafts 
carries  on  its  upper  end  two  bevel  gears,  while  the  crank  shaft  carries 
a  sliding  sleeve  with  a  small  bevel  gear  on  one  end  and  a  large  one  on 
the  other  end,  the  two  meshing  respectively  with  the  two  pairs  on  the 
inclined  driving  shafts.  By  sliding  the  sleeve  to  one  end  or  the  other 
a  fast  or  slow  propelling  ratio  is  obtained. 

10  With  the  fast  gear,  on  level  or  moderate  grades  and  with 
moderate  loads,  the  machine  can  readily  be  driven  at  25  miles  per 
hour  and  has  been  driven  at  30  miles  per  hour.  With  the  slow  gear 
the  engines  are  powerful  enough  to  slip  the  two  driving  axles  and  thus 
obtain  all  the  tractive  force  that  can  be  had  with  about  80,000  lb. 
weight  on  drivers.  The  machine  can  thus  be  used  effectively  as  a 
switching  engine  and  will  readily  haul  its  own  weight  with  considerable 
additional  load  over  grades  of  1^  per  cent  or  more.  The  acceptance- 
test  of  the  first  machine  built  was  a  run  of  32  miles  up  a  grade  aver- 
aging 75  ft.  to  the  mile,  with  a  maximum  of  97  ft.  to  the  mile. 
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11  The  lower  ends  of  the  inclined  propelling  shafts  shown  in  Fig.  3 
are  provided  with  bevel  pinions.  These  pinions  mesh  with  bevel 
gears  cast  in  one  piece  with  large  sleeves,  as  shown  in  Fig.  6.  These 
sleeves  surround  the  driving  axles,  a  cored  hole  through  the  middle 
of  the  sleeves  10  in.  in  diameter  providing  about  2  in.  clearance  around 
the  axles.  The  sleeves  are  supported  by  brackets  rigidly  attached  to 
the  car  body  with  babbitted  bearings.  All  this  gearing  is  fastened  to 
the  car  body  only  and  remains  in  line  without  regard  to  the  swivelling 
of  the  trucks. 

12  The  connection  by  which  the  driving  torque  is  communicated 
from  the  propelling  sleeves  to  the  axles  is  also  shown  in  Fig.  6.  It 
consists  of  a  modified  type  of  universal  joint  so  arranged  that  there  is 
nothing  to  interfere  with  the  axle  passing  through  the  middle.  The 
propelling  sleeve  carries  at  one  end  a  large  flange  with  lugs  supporting 
two  pins  G;  these  pins  engaging  with  two  bronze  bushed  lugs/f  formed 
on  the  inner  side  of  the  toggle  casting  i.  On  its  outer  side  it  carries 
another  pair  of  lugs  /  on  an  axis  at  right  angles  to  the  axis  of  the  pins 
G  and  these  lugs  J  are  connected  to  a  U-shaped  driving  yoke  K. 
The  open  end  of  this  yoke  is  again  pin-connected  to  a  bracket  L 
which  is  keyed  to  the  axle. 

13  Both  pins,  G  andikf ,  are  made  much  longer  than  the  lugs  which 
engage  them,  to  permit  end  play  due  to  the  displacements  of  the 
axle,  as  shown  on  the  plan  view  in  Fig.  6.  As  these  two  pin  axes  are 
at  right  angles  to  each  other  their  combined  slip  will  take  care  of  any 
movement  of  translation,  while  the  combined  revolution  of  the  parts 
around  the  pins  G,  M  and  A^  provides  for  any  possible  twisting.  The 
wearing  parts  involved  are  six  steel  pins  and  six  bronze  bushings, 
all  of  the  same  size,  and  all  parts  are  so  made  that  the  wearing  surfaces 
can  be  replaced  without  taking  the  truck  from  under  the  machine. 
The  pins  are  made  hollow  and  are  packed  for  continuous  lubrication. 

14  The  method  of  detaching  the  driving  gears  when  it  is  desirable 
to  ship  the  pile  driver  in  a  freight  train  is  slightly  indicated  in  Fig.  3, 
at  the  rear  axle  of  the  front  truck,  where  an  operating  lever  is  shown 
taking  hold  of  the  bearing  which  supports  the  bevel  pinion  at  the 
lower  end  of  the  forward  driving  shaft.  This  bearing  and  the  pinion 
are  mounted  in  a  sliding  support,  which  enables  the  pinion  to  be 
drawn  out  of  mesh  with  the  bevel  gear,  permitting  the  propelling 
sleeves  and  gears  shown  in  Fig.  6  to  revolve  freely  with  no  gears  in 
mesh.     The  same! an angement  is  provided  on  the  rear  truck. 

15  In  order  to  provide  the  necessary  steam  capacity  for  these  pro- 
pelling requirements,  the  boiler  required  is  nearly  three  times  the 
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size  of  those  ordinarily  furnished  for  pile  drivers.  The  boiler  is  of 
the  locomotive  type,  54  in.  in  diameter,  15  ft.  9  in.  long,  having  about 
800  sq.  ft.  of  heating  surface  and  designed  for  175  lb.  pressure.  This 
pressure  is  required  only  for  steam  economy  on  propelling  runs,  as  the 
engines  are  so  large  tliat  all  the  oidinary  movements  of  the  machine 
can  be  made  with  100  lb.  pressure. 

16  One  of  the  striking  features  of  the  machine  is  the  hydraulic 
turntable,  which  is  shown  in  action  in  Fig.  4,  and  in  shipping 
position  in  Fig.  1.  It  is  frequently  very  important  that  a  pile 
driver  should  be  able  to  turn  end  for  end  or  else  to  work  at  either 
end  indifferently.  The  latter  plan  requires  that  the  boiler  and  pile- 
driving  machinery  shall  all  be  mounted  upon  a  swinging  deck,  which 
can  be  turned  through  a  full  circle  and  reach  either  end  of  the  car. 
This  plan  has  been  thoroughly  tried  and  is  satisfactory  as  far  as  pile 
driving  is  concerned,  but  makes  it  impossible  to  get  a  sufficiently 
powerful  and  reliable  propelling  gear  between  the  engines  and  the 
trucks.  In  the  new  machine,  therefore,  the  pile-driving  apparatus 
is  mounted  on  the  car  body  where,  it  can  work  at  one  end  only, 
thus  obtaining  the  powerful  propelling  drive  already  described. 
To  reverse  the  machine  the  hydraulic  lifting  jack  shown  in  Fig.  7  is 
attached  underneath  the  car  and  under  the  center  of  gravity  of  the 
entire  structure. 

17  This  jack  consists  of  two  ball-race  castings  having  races  about 
5  ft.  in  diameter  provided  with  2-in.  steel  balls.  The  upper  ball  race 
is  carried  upon  a  set  of  four  bell  cranks  or  levers  0,  two  on  each  side  of 
the  car,  the  bell  cranks  being  pivoted  upon  brackets  P  attached  to  the 
main  car  beams.  The  upper  ends  of  each  pair  of  bell  cranks  are  con- 
nected by  a  parallel  rod,  while  the  rear  bell  cranks  on  the  two  sides 
of  the  car  are  connected  across  by  a  heavy  shaft  Q.  This  an-angement 
compels  all  four  bell  cranks  to  act  in  unison,  and  when  they  are  oper- 
ated by  the  hydraulic  cylinders  the  four  pins  from  which  the  upper 
ball  race  is  suspended  move  up  and  down  the  same  distance,  main- 
taining the  turntable  at  all  time's  parallel  to  the  car,  even  though  the 
center  of  gravity  may  be  quite  a  distance  away  from  the  center  of 
the  turntable. 

18  The  system  of  bell  cranks  is  operated  by  a  pair  of  hydraulic 
cylinders  12  in.  in  diameter,  having  about  28  in.  stroke.  One  cylin- 
der is  located  on  each  side  of  the  car.  The  cylinders  have  trunk  pis- 
tons with  sufficient  area  between  the  outside  of  the  trunk  and  the  bore 
of  the  cylinder  to  provide  lifting  force  enough  to  raise  the  turntable 
away  from  the  track  and  put  it  in  shipping  position.     While  lifting 
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the  car  the  pressure  acts  upon  the  full  area  of  the  12-in.  piston.  The 
working  pressure  of  about  200  lb.  per  sq.  in.  is  provided  by  the  boiler 
feed  pump. 

19  The  lower  ball  race,  which  is  suspended  from  the  upper  ball 
race  by  suitable  clips,  is  also  provided  with  a  set  of  chair  castings 
which  rest  on  the  rails  and  can  readily  be  placed  under  the  four  jack 
screws,  which  are  located  in  the  four  corners  of  the  lower  ball  race. 
The  lower  ball  race  also  carries  a  circular  rack,  while  the  upper  ball 
race  has  a  transverse  shaft  with  a  crank  on  each  end  and  a  double  gear 
reduction  to  a  swinging  pinion  which  meshes  with  the  rack  on  the 
lower  ball  race. 

20  When  the  machine  is  to  be  turned  it  is  necessary  only  to  put 
the  chair  castings  s  under  the  jack  screws  and  run  the  latter  down 
until  they  touch  the  chairs.  The  entire  car  is  then  raised  by  pumping 
water  into  the  hydraulic  cylinders  and  turned  end  for  end  by  hand, 
two  men  working  on  each  crank.  In  a  high  wind  three  men  may  be 
required  on  each  crank.  The  entire  turning  operation  occupies  from 
10  to  15  minutes. 

21  An  important  incidental  advantage  of  the  turntable  has 
already  been  touched  upon  in  Par.  4.  Fig.  2  and  Fig.  4  show  its  use 
to  enable  the  driver  to  reach  a  pile  at  a  long  distance  from  the  center 
of  the  track.  In  this  way,  should  occasion  arise,  any  point  within  32 
ft.  of  the  track  may  be  reached  and  the  pile  driven. 

22  The  tests  made  since  the  first  machine  was  put  in  operation 
indicate  that  it  will  fully  come  up  to  expectations.  The  first 
machine  w^s  built  with  slow  gear  only,  having  a  maximum  speed 
of  15  miles  per  hour.  The  results  of  its  test  on  grades  have  already 
been  mentioned.  It  has  since  been  in  constant  use  on  the  western 
divisions  of  the  Santa  Fe  and  on  heavy  grades.  The  fast  propelling 
gear  herein  described  has  now  been  added  and  two  machines  thus 
equipped  have  been  built  and  shipped.  On  one  of  these,  built  for 
the  Canadian  Pacific  Railway,  the  following  speed  test  was  made. 
The  machine  hauled  an  ordinary  passenger  car  from  South  Mil- 
waukee to  Racine  and  return,  a  distance  of  12.6  miles  each  way.  The 
run  to  Racine  was  made  in  31  min.,  an  average  speed  of  24.4 
miles  per  hour,  two  miles  being  made  at  a  speed  of  30  miles  per  hour. 
The  return  run  was  made  in  37  min.,  making  an  average  speed  of 
20.5  miles  per  hour. 

23  The  shipping  weight  of  the  machine  without  the  turntable, 
as  shown  in  Fig.  3,  is  about  147,000  lb. ;  with  the  turntable,  as  shown 
in  Figs.  1,  2  and  4,  about  160,000  lb.     It  is  equipped  with  either  a  No, 


THE    BUCYRUS    LOCOMOTIVE    PILE    DRIVER  1151 

2  steam  hammer  or  a  3500-lb.  drop  hammer,  or  both.  The  leaders  are 
so  made  that  either  hammer  can  be  used  without  change.  The 
reach  for  driving  piles  is  18  ft.  ahead  of  the  center  of  the  forward 
wheel,  or  19  ft.  on  each  side,  as  already  mentioned;  while  with  the 
turntable,  32  ft.  on  either  side  can  be  reached.  The  leaders  are  40 
ft.  long.     The  construction  is  entirely  of  metal,  except  the  house. 
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SHORKEY,  Edward  Louis  (Affiliate,  1909),  73  North  St.,  Bethlehem,  Pa. 
SMITH,  Bronson  H.  (Affiliate,  1908),  Asst.  Engr.,  Westinghouse,  Church,  Kerr 

&  Co.,  New  York,  and /or  mail,  257  E.  23d  St.,  Brooklyn,  N.  Y. 
YOUNG,  Gilbert  A.  (1908),  Park  Chambers,  Magazine  and  Lake  Sts.,  Cambridge, 

Mass. 

NEW  MEMBERS 

HILLEBRAND,  Herman  (AffiUate,   1909),  Ch.  Engr.,  Portland  Cement  Co., 

and  702  East  St.,  Gola,  Kan. 
HOPKINS,  George  Jay  (AffiHate,  1909),  Exper.  Engr.,  603]Harrison  Ave.,  Beloit, 

Wis. 
REARDON,  Michael  F.  (AffiUate,  1909),  Salesman,  Genl.  Elec.  Co.,  30  Church 

St.,  New  York,  N.  Y. 
SCHWEHR,  George  A.  (AffiHate,  1909),  Secy.,  Ohio  Motor  Co.,  Sandusky,  O. 

STUDENT  SECTION 

CHANGES  OF  ADDRESS 

BOHNSTENGEL,  Walter  (Student,  1909),  1111  Kentucky  St.,  Lawrence,  Kan. 
BOLGIANO,  J.  R.  (Student,  1909),  Towson,  Md. 
COBB,  P.  L.  (Student,  1909),  419  Ross  Ave.,  Wilkinsburg,  Pa. 
PARMELY,  J.  C.  (Student,  1909),  1106  W.  Univ.  Ave.,  Urbana,  111. 
QUICK,  R.  L.  (Student,  1909),  414  Darrow  Ave.,  Plainfield,  N.  J. 
RICHARDSON,  L.,  Jr.  (Student,  1909),  118  Linn  St.,  Ithaca,  N.  Y. 
VANDER  VEER,  J.  H.  (Student,  1909),  147  Pacific  St,-Brooklyn,  N.  Y. 
WHEDBEE,  Edgar  (Student,  1909),  Box  1176,  Cascadilla  Bldg.,  Ithaca,  N.  Y. 


COMING  MEETINGS 

November  and  December 

Secretaries  or  members  of  societies  whose  meetings  are  of  interest  to  engineers  are  invited 
to  send  in  their  notices  for  publication  in  this  department.  Such  notices  should  be  in  the 
editor's  hands  by  the  18th  of  the  month  preceding  the  meeting. 

ALABAMA  LIGHT  AND  TRACTION  ASSOCIATION 

November  15,  16,  annual  convention,  Birmingham.  Secy.,  Lloyd  Lyon,  158 
Government  St.,  Mobile. 

AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT  OF  SCIENCE 

December  27,  Boston,  Mass.  Secy.,  L.  O.  Howard,  Smithsonian  Institution, 
Washington,  D.  C.  ^ 

AMERICAN  CIVIC  ASSOCIATION 

November  15-19,  Cincinnati,  O.  Secy.,  Richard  B.  Watrous,  Harrisburg,  Pa. 

AMERICAN  FEDERATION  OF  TEACHERS  OF  MATHEMATICS 

December  28,  29,  annual  meeting,  Baltimore,  Md. ,  Secy.,  C.  R.  Mann,  Univer- 
sity of  Chicago. 

AMERICAN  INSTITUTE  OF  ARCHITECTS 

December  14-16,  annual  convention,  Washington,  D.  C.  Secy.,  Glenn 
Brown,  Octagon  Bldg. 

AMERICAN  INSTITUTE  OF  CHEMICAL  ENGINEERS 

December  8-10,  annual  meeting,  Philadelphia,  Pa.  Secy.,  J.  C.  Olsen,  Poly- 
technic Institute,  Brooklyn,  N.  Y. 

AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS 

November  12,  33  W.  39th  St.,  N.  Y.,  8  p.m.  Paper:  The  Electric  System  of 
the  Great  Northern  Railway  Co.  at  Cascade  Tunnel,  C.  T.  Hutchinson,  Mem.- 
Am.Soc.M.E. 

AMERICAN  MATHEMATICAL  SOCIETY 

November  27,  University  of  Missouri,  Columbia,  Mo.,  Southwestern  Section. 
Secy.,  O.  D.  Kellogg,  411  Hitt  St. 

AMERICAN  PHYSICAL  SOCIETY 

November  27,  University  of  Illinois,  Urbana,  111.  Secy.,  Ernest  Merritt, 
Ithaca,  N.  Y. 

AMERICAN  RAILWAY  ASSOCIATION 

November  17,  annual  meeting,  Chicago,  111.  Secy.,  W.  F.  Allen,  24  Park  PL, 
New  York. 

THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

November  9,  New  York;  Novemb  r  13,  St.  Louis,  Mo.;  November  17,  Bos- 
ton, Mass.;  December  7-10,  annual  meeting,  29  W.  39th  St.,  New  York, 
Secy.,  Calvin  W.  Rice, 
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AMERICAN  SOCIETY  OF  MUNICIPAL  IMPROVEMENTS 

November  9-11,  annual  meeting,  little  Rock,  Ark.     Secy.,    A.    Prescott 

Folwell,  239  W.  39th  St.,  New  York. 
AMERICAN  SOCIETY  OF  SWEDISH  ENGINEERS 

November  20,  271  Hicks  St.,  Brooklyn,  N.  Y.     Paper:     Magnetic  Separa- 
tion of  Iron  Ores,  N.  V.  Hansell.     Secy.,  E.  Hammerstrom. 
APPALACHIAN    ENGINEERING  ASSOCIATION 

November  5,  6,  Washington,  D.  C.     Papers  by  Dr.  T.  L.  Watson,  R.  H. 

Edmonds,  D.  C.  Weller,  Prof.  R.  L.  Morris,  E.  V.  N.  Heermance,  Mr.  Ferns- 

trom.     Secy.,  H.  M.  Payne,  Morgantown,  W.  Ya. 
ASSOCIATION. OF  AMERICAN  PORTLAND  CEMENT  MANUFACTURERS 

December  14,  15,  annual  meeting.  New  York.     Secy.,  P.  H.  Wilson,  Land 

Title  Bldg.,  Philadelphia,  Pa. 
ASSOCIATION  OF  TRANSPORTATION  AND  CAR  ACCOUNTING  OFFICERS 

December  14,  15,  Chattanooga,  Tenn.     Secy.,  G.  P.  Conard,  24  Park  PI., 

New  York. 
CENTRAL  ELECTRIC  RAILWAY  ASSOCIATION 

November  18,  Claypool  Hotel,  Indianapolis,  Ind.     Secy.,  A.  L.  Neereamer. 
CENTRAL  RAILW^^Y  CLUB 

November  12,  Hotel  Iroquois,  Buffalo,  N.  Y.,  8  p.m.     Paper:     Application 

of  Electricity  to  the  Movement  of  Freight,  G.  H.  Condict.     Secy.,   H.  D. 

Vought. 
CENTRAL  RAILWAY  AND  ENGINEERING  CLUB  OF  CANADA 

November  16,  December  21,  Prince  George  Hotel,  Toronto.     Papers:     Gas 

Engines,  their  Origin  and  Commercial  Use,  D.  M.  Henderson;  Gas  Manu- 
facture, C.  G.  Herring.     Secy.,  C.  J.  Worth,  Union  Sta. 
COLORADO  SCIENTIFIC  SOCIETY 

December  18,  annual  meeting,  Denver.     Secy.,  Dr.  W.  A.  Johnston,    801 

Symes  Bldg. 
EMPIRE  STATE  GAS  AND  ELECTRIC  ASSOCIATION 

November  17,  18,  29  W.  39th  St.,  New  York.     Secy.,  C.  H.  B.  Chapin. 
ENGINEERS  CLUB  OF  ST.  LOUIS 

December  1,  annual  convention,  3817  Olive  St.     Secy.,  A.  S.  Langdorf. 
FRANKLIN  INSTITUTE 

November  4,  Section  meeting,  Philadelphia,  Pa.     Paper:  The   Open-Hearth 

Process,  Prof.  Bradley  Stoughton. 
NATIONAL  ASSOCIATION  OF  RAILWAY  COMMISSIONERS 

November  16,  annual  meeting,  Washington,  D.  C.     Secy.,  M.  S.  Decker, 

Albany,  N.  Y. 
NATIONAL  COMMERCIAL  GAS  ASSOCIATION 

December  12,   14,  annual  convention,  Madison  Square  Garden,  New  York. 

Secy.,  L.  S.  Bigelow,  Light  Publishing  Co.,  Willimantic,  Conn. 
NATIONAL  GAS  AND  GASOLENE  ENGINE  ASSOCIATION 

November  30,  December  1,  2,  LaSalle  Hotel,  Chicago,  111.     Secy.,  Albert  Strit- 

matter,  Cincinnati,  O. 
NATIONAL  MUNICIPAL  LEAGUE 

November  15-19,  Cincinnati,  O.     Secy.,  C.  R.  Woodruff,  121  S.  Broad  St., 

Philadelphia,  Pa. 
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NATIONAL  SOCIETY  FOR  PROMOTION  OF  INDUSTRIAL  EDUCATION 

December  1-3,  annual  convention,  Milwaukee,  Wis.     Secy.,  J.  C.  -Monaghan, 

20  W.  44th  St.,  New  York. 
NEW  YORK  RAILROAD  CLUB 

November  19,  annual  meeting,  29  W.  39th  St.,     Secy.,  H.  D.  Vought,  95 

Liberty  St. 
OHIO  SOCIETY  MECHANICAL  ELECTRICAL  AND  STEAM  ENGINEERS 

November  19,  20,  main  annual  meeting,  Lima,  O.     Secy.,  David  Gaehr, 

Schofield  Bldg.,  Cleveland. 
RICHMOND  RAILROAD  CLUB 

November  8,  annual  meeting;  December  13:    Paper,  Block  Signals,  Chas. 

Stephens.     Secy.,  F.  O.  Robinson. 
ROCHESTER  ENGINEERING  SOCIETY 

December  10,  annual  meeting.     Secy.,  John  F.  Skinner,  54  City  Hall. 
SHORT  LINE  RAILROAD  ASSOCIATION 

December  14,  annual  meeting,  New  York.     Secy.,  J.  N.  Drake,  60  Wall  St. 
SOCIETY  OF  ENGINEERS  OF  EASTERN  NEW  YORK 

November  10,  Albany,  N.  Y.     Paper  on  Gas  Power,  G.  A.  Orrok,  Mem. Am. - 

Soc.M.E.     Secy.,  W.  R.  Davis. 
SOCIETY  OF  NAVAL  ARCHITECTS  AND  MARINE  ENGINEERS 

November  18-19,  annual  meeting,  29  W.  39th  St.,  New  York,     Secy.,  W. 

J.  Baxter. 
SOUTHERN  AND  SOUTHWESTERN  RAILWAY  CLUB 

November  18,  annual  meeting,  Candler  Bldg.,  Atlanta,  Ga.     Papers  on  Oil 

Lamps,  Front-End  Arrangements,  Draft-Rigging.     Secy.,  A.  J.  Merrill,  218 

Prudential  Bldg. 
WASHINGTON  SOCIETY  OF  ENGINEERS 

November  24,  anniversary  celebration.     Secy.,  Paul  Bausch. 
WESTERN  SOCIETY  OF  ENGINEERS 

November  3,  20,  December  1,  1735  Monadnock  Blk.,  Chicago,  111.     Papers: 

Loss  of  Heat  tlu-ough  Furnace  Walls,  W.  T.  Ray,  Henry  Kresinger;  The 

Panama  Raihoad,  Ralph  Budd;  Compressed  Air  in  Contact  Work,  M.  W. 

Briseler;  River  and  Harbor  Improvements  at  Cliicago  and  the  Calumet,  T. 

H.  Rees. 

MEETINGS  TO  BE  HELD  IN  THE  ENGINEERING  BUILDING 

Date                        Society                                            Secretary  Time 
November 

3  Wireless  Institute S.  L.  Wilhams 7.30 

4  Blue  Room  Engineering  Society W.  D.  Sprague 8 .  00 

5  Explorers'  Club H.  C.  Walsh 8.,30 

6  Amer.  Soc.  Hungarian Engrs.  and  Archts.  Z.  deNemeth 8 .  30 

9  The  American  Society  Mech.  Engineers.  .Calvin  W.  Rice 8.00 

11  Illuminating  Engineering  Society P.  S.  Millar 8.00 

12  American  Institute  Electrical  Engineers .  R.  W.  Pope 8 .  00 

16  New  York  Telephone  Society T.  H.  Lawrence 8 .  00 

17-18  Empire  State  Gas  and  Electric  Asso C.  H.  B.  Chapin All  day 

18-19  Naval  Architects  and  Marine  Engineers.  .  W.  H.  Baxter All  day 
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Date 

November ,                     Society                                    Secretary  Time 

19  New  York  Railroad  Club H.  D.  Vought 8.15 

24  Municipal  Engineers  of  City  of  New  York.  .CD.  Pollock 8.15 

December 

1  Wireless  Institute S.  L.  Williams 7.30 

2  Blue  Room  Engineering  Society W.D.Sprague 8.00 

4  Amer.  Soc.  Hungarian  Engrs.  and  Archts.  Z.  DeNemeth 8 .  30 

7-10  The  American  Society  Mech.  Engineers..  .Calvin  W.  Rice 

9  Illuminating  Engineering  Society P.  S.  Millar 8.00 

10  Americanlnstituteof  Electrical  Engineers  R.  W.Pope.  . . ., 8.00 

17  New  York  Railroad  Club H.  D.  Vought ' 8.15 

21  New  York  Telephone  Society T.  H.  Lawrence 8 .  00 

22  Municipal  Engineers  of  City  of  N.  Y C.  D.  Pollock 8. 15 


OFFICERS  AND  COUNCIL 

f 

PRESIDENT 
Jesse  M,  Smith New  York 

VICE-PRESIDENTS 

L.  P.  Breckenridge Urbana,  III. 

Fred  J.  Miller Center  Bridge,  Pa. 

Arthur  West   E,  Pittsburg,  Pa. 

Terms  expire  at  Annual  Meeting  of  1909 

Geo.  M.  Bond Hartford,  Conn, 

R.  C.  Carpenter  Ithaca,  N.  Y. 

F.  M.  Whyte   New  York 

Terms  expire  at  Annual  Meeting  of  1910 

PAST  PRESIDENTS 
Members  of  the  Council  for  1909 

Ambrose    Swasey    Cleveland,  O. 

John  R.  Freeman    Providence,  R.  I. 

Frederick   W.  Taylor    Philadelphia,   Pa. 

F.  R.  HuTTON New  York 

M.  L.  HoLMAN    St.  Louis,  Mo. 

MANAGERS 

G.  M.  Basford   New  York 

A.  J.  Caldwell  (Deceased) Newburg,  N.  Y 

A.  L.  RiKER   Bridgeport,  Conn 

Terms  expire  at  Annual  Meeting  of  1909 

Wm.  L.  Abbott   Chicago,  111. 

Alex.  C.  Humphreys  New  York 

Henry  G.  Stott New  Rochelle,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1910 

H.  L.  Gantt   New  York 

I.  E.  MouLTROP    Boston,  Mass. 

W.  J.  Sando    Milwaukee,   Wis. 

Terms  expire  at  Annual  Meeting  of  1911 

TREASURER 
William  H.  Wiley   New  York 

HONORARY  SECRETARY 
F.  R.  Hutton    New  York 

CHAIRMAN  OF  THE  FINANCE  COMMITTEE 
Arthur   M.   Waitt    New   York 

SECRETARY 
Calvin  W.  Rice  29  West  39th  Street,  New  York 
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EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


Jesse  M.  Smith,  Chairman 
Alex.  C.  Humphreys 


F.    R.    HUTTON 

Fred  J.  Miller 


F.  M.  Whyte 


STANDING  COMMITTEES 


FINANCE 
Arthdr  M.  Waitt  (1),  Chairman 
Edward  F.  Schnuck  (2) 

Waldo  H.  Marshall  (5) 


Geo.  J.  Roberts  (3 
Robert  M.  Dixon  (4 


HOUSE 

Henry  S.  Loud  (1),  Chairman  Bernard  V.  Swenson  {'A 

William  Carter  Dickerman  (2)  Francis  Blossom  (4 

Edward  Van  Winkle  (5) 


LIBRARY 
John  W.  Lieb,  Jr.  (4),  Chairman 
H.  H.  Suplee  (1) 

Chas.  L.  Clarke  (5) 

MEETINGS 
Willis  E.  Hall  (1),  Chairman 
Wm.  H.  Bryan  (2) 

H.  DE  B.  Parsons  (5) 

MEMBERSHIP 

Henry  D.  Hibbard  (1),  Chairman 
Chahles  R.  Richards  (2) 

Hosea  Webster  (5) 

PUBLICATION 

Arthur  L.  Williston  (1),  Chairman 
D.  S.  Jacobus  (2) 

Geo.  I.  RocKwooD  (5) 

RESEARCH 
W.  F,  M.  Goss  (5),  Chairman 
Jas.  Christie  (1) 

Chas.  B.  Dudley  (4) 


Ambrose  Swasey  (2 
Leonard  Waldo  (3 


l.  r.  pomeroy  (3 
Charles  E.  Lucke  (4 


Francis  H.  Stillman  (3 
George  J.  Foran  (4 


H,  F.  J.  Porter  (3 
H.  W.  Spangler  (4 


R.  C.  Carpenter  (2 
R.  H.  Rice  (3 


Note. — Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  ye  t 
to  serve. 
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SPECIAL  COMMITTEES 

1909 

On  a  Standard  Tonnage  Basis  for  Refrigeration 
D.  S.  Jacobus  G.  T.  Voorhees 

A.  P.  Trautwein  Philip  De  C.  Ball 

E.  F.  Miller 


John  E.  Sweet 


On  Society  History 
Chas.  Wallace  Hunt 


H.  H.  Suplee 


On  Constitution  and  By-Laws 
Chas.  Wallace  Hunt,  Chairman 
G.  M.  Basford 

Jesse  M.  Smith 


F.   R.   HUTTON 

D.  S.  Jacobus 


On  Conservation  of  Natural  Resources 
Geo.  F.  Swain,  Chairman 
Charles  Whiting  Baker 

Calvin  W.  Rice 


L.   D.   BURLINGAME 
M.  L.   HOLMAN 


On  International  Standard  for  Pipe  Threads 


E.  M.  Herr,  Chairman 
William  J.  Baldwin 


Geo.  M.  Bond 
Stanley  G.  Flagg,  Jr. 


On  Thurston  Memorial 
Alex.  C.  Humphreys,  Chairman  * 

R.  C.  Carpenter 

Fred  J.   Miller 


Chas.  Wallace  Hunt 
J.  W.  LiEB,  Jr. 


On  Standards  for  Involute  Gears 
Wilfred  Lewis,  Chairman 
Hugo  Bilgram 

Gaetano  Lanza 

On  Power  Tests 

L.  P.  Breckenridge 
William  Kent 
Charles  E.  Lucre 


D.  S.  Jacobus,  Chairman 
Edward  T.  Adams 
George  H.  Barrus 


E.  R.  Fellows 
C.  R.  Gabriel 


Edward  F.  Miller 

Arthur  West 

Albert  C.  Wood 


On  Land  and  Building  Fund 
Fred  J.  Miller,  Chairman 

R.    C.    McKlNNEY 


James  M.  Dodge 
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SOCIETY  REPRESENTATIVES 
1909 

On  John  Fritz  Medal 
Henry  R.  Towne  (1)  F.  R.  Hutton  (3) 

Ambrose  Swasey  (2)  Chas.  Wallace  Hunt  (4) 

On  Board  of  Trustees  United  Engineering  Societies  Building 

Chas.  Wallace  Hunt  (1)  F.  R.  Hutton  (2) 

Fred  J.  Miller  (3) 

On  Library  Conference  Committee 
J.  W.  Lieb,  Jr.,  Chairman  of  the  Library  Committee  of  The  Am.  Soc.  M.  E. 

On  National  Fire  Protection  Association 
John  R.  Freeman  Ira  H.  Woolson 

On  Joint  Committee  on  Engineering  Education 
Alex.  C.  Humphreys  F.  W.  Taylor 

On  Government  Advisory  Board  on  Fuels  and  Structural  Materials 

Geo.  H.  Barrus  '  P.  W.  Gates 

W.  F.  M.  Goss 

On  Advisory  Board  National  Conservation  Commission 

Geo.  F.  Swain  John  R.  Freeman 

Chas.  T.  Main 

On  Council  of  American  Association  for  the  Advancement  of  Science 
Alex.  C.  Humphreys  Fred  J.  Miller 


Note. — Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  yet 
to  serve. 
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OFFICERS  OF  THE  OAS  POWER  SECTION 

1909 

CHAIRMAN 
F.    R.    Low 

SECRETARY 
Geo.  a.   Orrok 

GAS  POWER  EXECUTIVE  COMMITTEE 
F.  H.  Stillman,  Chairman  G.  I.  Rockwood 

F.   R.   HUTTON  H.   H.  StTPLEE 

R.  H.  Fernald 

GAS  POWER  MEMBERSHIP  COMMITTEE 

Robert  T.  Lozier,  Chairman  D.  B.  Rushmore 

Albert  A.  Gary  A.  F.  Stillman 

H.  V.  O.  Goes  G.  M.  S.  Tait 

A.  E.  Johnson  George  W.  Whytb 

F.  S.  King  S.  S.  Wyer 

GAS  POWER  MEETINGS  COMMITTEE 
Cecil  P.  Poole,  Chairman  E.  S.  McClelland 

R.  T.  Kent  C.  T.  Wilkinson  C.  W.  Obert 

GAS  POWER  LITERATURE  COMMITTEE 

C.  H.  Benjamin,  Chairman  L.  S.  Marks 

H.  R.  Cobleigh  T.  M.  Phetteplace 

G.  D.  Conlee  G.  J.  Rathbun 
R.  S.  DE  Mitkiewicz  W.  Ratttenstrauch 
L.  V.  Goebbels  S.  a.  Reeve 
L.  N.  LuDY  A.  J.  Wood                                        A.  L.  Rice 

GAS  POWER  INSTALLATIONS  COMMITTEE 
J.  R.  Bibbins,  Chairman  A.  Bement 

L,  B.  Lent 

GAS  POWER  PLANT  OPERATIONS  COMMITTEE 

I.  E.  Moultrop,  Chairman  H.  J.  K.  Freyn  C.  H.  Parker 

J.  D.  Andrew  N.  T.  Harrington  J.  P.  Sparrow 

W.  H.  Blauvelt  J.  B.  Klumpp  A.  B.  Steen 

V.  Z.  Caracristi  G.  L.  Knight  F.  W.  Walker 

E.  P.  Coleman  J.  L.  Lyon  C.  W.  Whiting 

C.  J.  Davidson                  -  D.  T.  MacLeod  Paul  Winsor 

W.  T.  Donnelly  V.  E.  McMullbn  T.  H.  Yawqer 

GAS  POWER  STANDARDIZATION  COMMITTEE 
C.  E  Lucre,  Chairman  E.  T.  Adams 

Arthur  West  James  D.  Andrew 

J.  R.  Bibbins  H.  F.  Smith 

Louis  C.  Dobllino 
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OFFICERS  OF  STUDENT  BRANCHES 


STUDENT     BRANCH 

AUTHORIZED 
BY    COUNCIL. 

HONORABV     CHAIR- 
MAN 

PRESIDENT 

SECRETARY 

1908 

Stevens  Inst.of  Tech., 

December  4 

Alex.  C.  Humphreys 

H.  H.  Haynes 

R.  H.  Upson 

Hoboken,  N.  J. 

Cornell   University, 

December  4 

R.  C.  Carpenter 

C.  F.  Hirshfeld 

Ithaca,  N.  Y. 

1909 

Armour  Inst,  of  Tech. 

March  9 

C.  F.  Gebhardt 

N.  J.  Boughton 

M.  C.  Shedd 

Chicago,  111. 

Leland  Stanford,  Jr., 

March  9 

W.  F.  Durand 

P.  H.  Van  Etten 

H.   L.   Hess 

University,    Palo 

Alto,  Cal. 

Polytechnic  Institute, 

March  9 

W.  D.  Ennis 

J.   M.   Russell 

P.    Gianella 

Brooklyn,  N.    Y. 

State  Agri.  College  of 

March  9 

Thos.  M.  Gardner 

J.  J.  Karstetter 

S.  H.  Graf 

Oregon,  Corvallis, 

Ore. 

Purdue   University, 

March  9 

L.  V.  Ludy 

E.  A.  Kirk 

J.  R.  Jackson 

Lafayette,  Ind. 

Univ.    of   Kansas, 

March  9 

P.  F.  Walker 

H.  S.  Coleman 

John  Garver 

Lawrence,  Kan. 

New    York    Univ., 

C.  E.  Houghton 

Andrew  Hamilton 

New  York. 

Univ.   of   Illinois, 

W.  F.  M.  Goss 

W.  F.  Colman 

S.  G.  Wood 

Urbana,  111. 

Penna.  State  College 

State  College,  Pa, 
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THE   WARNER   &    SWASEY 
CLEVELAND 


COMPANY 


NEW  YORK 


CHICAGO 


No.   2  Hollow   Hexagon  Turret  Lathe 

Rapid,  accurate,  economical,  record  producing  Turret 
Lathes.  The  catalog  describes  them  in  detail.  It  will 
be  sent  on  request. 


FOR  MULTIPLE  THREAD  AND  SPIRAL  GEAR  CUTTING 


External  and  Internal  threads  of  any  standard,  taper  threads,  spur  gears, 

worms,  circular  racks,  steel  springs,  long  splines  in  shafts,  etc.,  etc. 

No  other  machine  can  compete  in  point  of  efficiency, 

speed,  precision  and    finish  with 

THE    P.  {b  W.    THREAD    MILLING    MACHINES 
PRATT  (Si  AVHITNEY  CO..   HARTFORD,  CONN 


PAGES    FROM   THE    BOOK   OF    THE 

Copies  of  the  book 


Samples  of   Chuck  Work 


Springfield,  Vt., 
U.  S.  A. 


Jones  &  Lamson 


Germany,   Holland,  Belariuni,   Switzerland   and  Austria-Hungary, 
M.     Koyemann,     Cliarloltenstrasse     112,    Diisseldorf,    Germany. 


HARTNESS     FLAT    TURRET    LATHE 

sent  on  request 


Samples  of  Cluick  Work 


w 


Machine  Company 


Queen  Victoria  St. 
London,  England. 


France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  9  and  11 
Rue  des  Envierges,  Paris.    Italy,  Adler  &  Eisenschitz,  Milan. 


To  Users  of  Taps  and  Dies 


This  Trade       \  ^  /        Mark  Means 


"registered" 

an  absolute  guarantee  of  first  QUALITY 

38  years  on  the  market  makes  our  Machine  Screw  Taps 

the  pioneers  in  their  class.     They  have  no  superiors,  and 

are  fully  guaranteed 

Taps  and  Dies  furnished  to  A.  S.  M.  E.  Standard  at  regular  prices 

J.  M.  Carpenter  Tap  &  Die  Co.,  Pawtucket,  R.  I. 

LIBRARY 

OF 

SCIENCE  AND  ENGINEERING 

The   American   Institute  of   Mining   Engineers 
The  American  Society  of  Mechanical  Engineers 
The   American  Institute  of  Electrical  Engineers 

IN  THE 

ENGINEERING  SOCIETIES  BUILDING 

29  West  39th  St.,  New  York 

A  library  of  50.000  volumes  and  450  current  technical  periodicals  is  at  the  service  of  members 
of  the  three  Founder   Societies.     Members  are  invited  to  extend  the  courtesies  to  non-members. 

The  Library  needs  to  complete  its  set,  a  copy  of  Le  GeNIE  CIVIL, 
No.  6,  Vol.  52,  Dec.  7,  1907. 

Address  the  Secretary  of 

The  American  Society  of  Mechanical  Engineers 
29  West  39th  St.,  New  York 


The  Sii^NDARDTooL  Cos 


Taps 


Taps 


\^^m^[  ^LL  STYLES  AND  SIZES  FOR  EVERY  PURPOSE  .  ,^/ 

Cut  Freely  and  Leave  Clean  Threads 

Cleveland,  O.,  and  94  Reade  St.,  New  York 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


MORSE  TWIST  DRILL  and  MACHINE  CO. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 

Drills,  Reamers,  Cutters,  Chucks,  Taps,  Dies,  Arbors,  Counterbores,  Countersinks,  Gauges, 

Mandrels,  Screw  Plates,  Sleeves,  Sockets,  Taper  Pins,  Wrenches,  Machines 

and  Machinists'  Tools 


This  drill  will  fit  any  brace  in  the  market.  Can  be  used  in  metal  or  wood.  Used  by 
cabinet  makers,  carriage  builders,  etc.  Is  not  injured  by  contact  with  screws  or  nails,  and 
will  bore  straight  any  kind  of   wood  without  splitting. 

WE    BUILD   A  COMPLETE   LINE  OF   NEW  AND    UP-TO-DATE 


BOLT  AND  NUT 

MACHINERY 


Including  ... 

Bolt  Cutters  (threaders),  Bolt  and  Rivet 
Headers,  Upsetting  and  Forging  Machines, 
Hot  Pressed  Nut  Machines,  Nut  Tappers, 
Washer  Machines,  Wire  Nail  Machines 
and  Lag  Screw  Gimlet  Pointers 


N 


ATIONAL  MACHINERY  fo 

TIFFIN.OMIO.US.A    \j 


Washburn  Sensitive  Drills 

We  are  prepared  to  furnish  these  Sensitive  Drills  with 
either  A.C.  or  D.C.  motors  and  any  regular  voltage,  fitted 
with  our  new  variable  speed  device. 

THE   WASHBURN   SHOPS 

of  the 

Worcester  Polytechnic  Institute 

WORCESTER,  A1ASS. 


Worcester  Drill  Grinders 
\\'ashburn  Sensitive  Drills 


Washburn  Speed  Lathes 
Worcester  Drawing  Stands 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT  CHESTER.   N.  Y. 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works   at  Rock    Falls,    III. 


Improved   Adjustable  Jaw=Bases 


This  new  cut,  here  first  published,  shows  our  Patent  Convert- 
ible 2  and  3  Jaw  Heavy  Pattern  Turret  Lathe  Chucks  and  the 
new  Patent  Independently  Adjustable  Jaw-Bases,  which  may  be 
inserted  interchangeably  in  Chucks  of  this  type,  when  desired, 
in  place  of  the  regular  forms  of  Jaws 

FULL  PARTICULARS  AND  PRICES  UPON  INQUIRY 

THE  D.  E.  WHITON  MACHINE  CO.,  New  London,  Conn., U.S. A. 
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CORLISS,  WIS.,  U.  S.  A. 

U.  S.  GOV'T,  NAVY  DEPT. — 1000  Mile  Comparative  Steaming  Test. 

U.  S.  S.  Birmingham  (Reciprocating  Engines)  30  tons  coal  per  hour. 
"        Chester  (Parsons  Turbines)         -         40        "  " 

Salem  (Curtis  Turbines)        -  -     49        " 

The  Turbines  took  33i%  and  63^7o  more  fuel  than  the  engines. 

The  Navy  Department  is  operating  five  Wisconsin  Engines. 


MASON 

REDUCING  VALVES 


reduce  and  maintain  an  even  pressure  of 
steam,  air  or  water,  regardless  of  changes 
in   the  initial   pressure.     Can  be  set  for 

any  pressure  by  turning  a  key  and  do  not 
have  to  be  locked — the  engineer  retains  the 
key.     They  are  absolutely  accurate 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS.,  U.  S. A  . 


IMMUNE   TO   the    evils    of    EXPANSION 


^$  PROVED         O 


SUPERIOR  COMPARATIVE  MERITS 

FOR 

BOILER  BLOW-OFF,  ETC. 


BECAUSE    IT 


meets    requirements    perfectly 
without    repairs    or    complaint 

SPECIFIED  AND  USED  BY  tK^^^oK^^^^NTs 

JOHN  SIMMONS  CO..  no  centre  st.,  New  York.  N.  Y, 


FOOS   PRODUCER  GAS  ENGINES 

FOR   ELECTRIC  LIGHT  AND  POWER  PLANTS 


Vertical   Multiple  Cylinder  Engines  20  to  500  H.P. 

JAMES  BEGGS  &  CO.,  109  Liberty  St.,  NEW  YORK 

Write  for  out   Catalogue  B 

The   Buckeye   Four -Stroke   Cycle 

GAS  ENGINE 

SINGLE  and  DOUBLE  ACTING 


In  powers  from  50  to  6000  Horses 

Catalogs  on  Application  Free  from  Complications 

BUCKEYE  ENGINE  CO.,  Salem,  Ohio 


Nash  Gas  Engines 

and  Producers 


are  simple,   economical  and   reliable,   and 
have    demonstrated     their    superiority    in 


Simple,  because  they  are  cap- 
able of  running  at  their  rated 
load  for  ten  consecutive  hours  on 
one  charge  of  fuel. 

Economical,  because  the  fuel 
consumption  is  but  one  pound  of 
coal  per  B.H.P.  hour. 

Reliable,  because  they're  Nash. 
WE  MANUFACTURE  A  COMPLETE  LINE  OF  WATER  METERS  i" TO  eC 

National  Meter  Co. 

NEW  YORK  CHICAGO  BOSTON 


WARREN    VERTICAL  AND    TANDEM    GAS 
ENGINES  AND  SUCTION  GAS  PRODUCERS 

POINTS  OF   MERIT 

Heavy  overload  capacity.     Close  regulation.      Positive  lubrication 

Positive  circulation  of  cooling  water.     No  joints  between 

connbustion    chamber    and    water   jackets 

All  valve  cages  removable 

The   most  reliable  and  economical  motive  power  obtainable 
AsIc  your  consulting  engineer  to   investigate 

Warren,  Pa. 

Pittsburg 
310  House  Building 


STRUTHERS-WELLS    CO., 


New  York 
60  Church  Street 


Boston 
lO  P.  O.  Square 


Robb-Mumford  Boiler  Co. 


Successors  to 

EDWARD  KENDALL  &  SONS 

CHARLES  RIVER  IRON  WORKS 


Manufacturers  of 

Return  Tubular,  Water  Tube,  internally  fired  and  other 
types  of  Boilers;  Smoke  Stacks,  Tanks,  Etc. 

Works:— SOUTH  FRAMINGHAM,  MASS. 

Sales  Opfjce  New  Yobk  Office 

131  State  St.,  Boston  90  West  Street 


ON  THE  ART  OF  CUTTING  METALS 

By  FRED  W.  TAYLOR,  Sc.D. 

The  most  complete  and  thorough  treatise  yet  published 
on  this  subject  with  chapters  on: 

Action  of  Tool  and  its  Wear  in  Cutting  Metals 

How  Modern   High-Speed  Tools  Wear 

How  to  Make  and  Record  Experiments 

Lip  and  Clearance  Angle  of  Tools 

Forging  and  Grinding  Tools 

Pressure  of  the  Chip  upon  the  Tool 

Cooling  the  Tool  with  a  Heavy  Stream  of  Water 

Chatter  of  Tools 

How  Long  Should  a  Tool  Run  Before  Regrinding 

Etfect  of  Feed  and  Depth  of  Cut  on  Cutting  Speed 

Tool  Steel  and  its  Treatment 

Theory  of  Hardening  Steel 

Quality  of  Metal  to  be  Cut 

Line  or  Curve  of  Cutting  Edge 

Slide  Rules 

Additional  Experiments  and  Investigations 

2d  Edition — without  discussion  (cloth)  -         $3.00 

3d        "  with  "  "  -  3.50 

3d        "  "  "  (half-morocco)      4.50 

Pages  350.     Folders  24 

The  American  Society  of  Mechanical  Engineers 

29  WEST  39th  STREET,  NEW  YORK 
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Murray  Corliss  Engine 

All  parts  ground  that  should  be  ground 


MURRAY  IRON  WORKS  CO. 


Incorporated  Feb.  1,  1870 


BURLINGTON,  IOWA 


The  sturdy  simplicity  of  Ridgway  Engines 
is  the  result  of  constant  endeavor  to  leave 
out  complicated,  delicate  parts. 

Bulletins   upon   request 

RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGW^AY,  PENNA. 
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The  Essential  Merit 

In  the  last  analysis,  the  essential 
merit  of  a  valve  lies  in  the  satisfac- 
tion rendered.  The  valves  that  en- 
dure without  fault  the  rigid  tests  of 
inevitable  hard  service,  prove  their 
superiority  without  further  com- 
ment; therefore  many  careful  valve 
users  specify  Nelson  Valves  simply 
because  they  know,  from  experi- 
ence, what  they  accomplish. 


Our  1909,  224-page  Valve  Catalogue,  treating 
of  the  most  modern  types  of  Gare,  Globe,  Angle 
and  Check  Valves,  for  Water,  Saturated  or 
Superheated  Steam  and  other  fluids,  for  any 
pressure,  for  any  temperature,  will  be  forwarded 
on  request. 


Nelson  Valve  Company 

PHILADELPHIA,  PA. 

New  York,  Hudson  Terminal  Bldg.  Detroit,  Penobscot  Building 

Chicago.  425  S.  Dearborn  Street  Minneapolis,  622  Andrus  Building 

Pittsburgh,  525  Third  Avenue  San  Francisco.  Atlas  Building 

Cleveland,  Perry-Payne  Building  Butte,  Mont.,  56  E.  Broadway 
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■^rO  need  of  stopping  your  en- 
gine when  you  want  toregu 
late  spark,  speed,    air   or    fuel — 

Du  Bois  Gas  and  Gasoline  Engines 

can  be  adjusted  while  running  and 
use  fuel  only  in  proportion  to 
load. 

Other  advantages  are  interchange- 
able parts,  dependable  valves, 
improved  governor,  auxiliary  exhaust  and  self-starting  device. 

We  build   Single-Cylinder,    Tandem  and  Twin    Tandem   engines  (from  5  to  375 
H.P.)  as  well  as  Producer  Gas  Plants  and  Engines.    May  --we  send  our  Catalog  "P"? 

DU  BOIS  IRON  WORKS,    sie  Brady  St.,  du  bois,  pa. 

HEINE   ^ft^B^E"   BOILERS 

and 

SUPERHEATERS 

In   units  of  from  50  to  600   H.  P. 

Heine  Safety  Boiler  Co.,  St.  Louis,    IVIo. 

BRANCH    OFFICES 
Boston  New  York  Philadelphia  Pittsburgh  Chicago  New  Orleans 


RIVERSIDE  HEAVY  DUTY  DOUBLE-ACTING  TANDEM  GAS  ENGINE      (CLASS  F) 

Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  service      Built  in  twelve 
types,  seventy-two  different  sizes  from  10  to  2500  H.  P. 

RIVERSIDE    ENGINE    COMPANY  on  Citv,  Pennsylvania 

The  Hooven,  Owens 
Rentschler  Co. 

Manufacturers  of 

Hamilton  Corliss 

Engines 
Hamilton  High  Speed 

Corliss  Engines 
Hamilton  HoUwarth 

Steam  Turbines 

Special  Heavy 

Castings 

HAMILTON,  OHIO 
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''THE  GOLDEN" 

Cushioned    Non-return    and 
Triple  Acting  Valves 

"Works   Both   Ways" 

Protect  your  Power  Station 
with  "The  Valves  that  are 
Absolutely  Guaranteed." 

Armour  &  Co.,  Chicago,  ordered 
32    lO-inch  Triple  Valve.s. 

Golden -Anderson  Valve 
Specialty  Company 

1032  Fulton  BIdg.,  Pittsburg. Pa. 


AUT0MAT5C   FLOAT  VALVES 
"SIMPLY    HAVE   NO   EQUAL" 


Angle  or 
Straight   Way 


American  Ball  Angle  Compound  Engine 


represents  the  latest  development  in  practical 
Steam  Engineering,  combining  the  following 
features:  Perfect  balance,  uniform  torque, 
high  economy,  small  floor  space,  smooth, 
quiet  running,  no  dead  centers,  extreme  sim- 
plicity, moderate  cost,  small  foundation  and 
perfect  satisfaction. 

Write  for  our  new  bulletin 

''The  Modern  Automatic  High-Speed  Engine" 


American  Engine  Company 

42  Raritan  Ave.    Bo>ird  Brook,  N    J. 


Saves  Frictional  Wear 

That's  w^hat  Dixon's  Flake  Graphite  does  wherever  it 
is  used.  And  remember  that  it  is  the  wear  that  depre- 
ciates all  machinery.  Dixon's  Flake  Graphite  will 
reduce  this  wear  to  a  minimum  in  every  instance,  relieve 
friction,  prevent  damage  and  repairs  that  result  from 
parts  running  hot.     Write  for  free  sample. 

JOSEPH  DIXON  CRUCIBLE  CO.  Jersey  City,  N.J. 

HIGH    VACUUM 
APPARATUS 

CONDENSERS 
AIR  PUMPS 
Feed  Water  HEATERS 
Water   Cooling 
TOWERS 
Boiler   Feed   and  Pres- 
sure PUIVIPS 

G.H.  Wheeler  Mfg.  Co. 

PHILADELPHIA 

New  York  Chicago 

San  Francisco 
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OVER  ONE  MILLION 

Genuine  "Detroit"  Sight=feed  Lubricators  in 
service  all  over  the  World 

Some  one  of  our  451   different   styles  and  sizes  of  sight-feed 
lubricators  will  fill  any  requirement  you  may  have 

THE  GENUINE  "DETROIT" 

Is    simple  and  dependable.     (Look    out   for  substitutes.) 

Detroit  Lubricator  Company 

DETROIT,   U.  S.  A. 
FORTHEijHIGHER  THAN  ORDINARY  PRESSURES 

GATE  VALVES 

with  double  disc,  tapei  seats  and  central  ball  bearing  de- 
vice are  the  tightest   by  reason  of  their  flexibility  and 
compensating  features,  thus  taking  up  any  possible  dis- 
tortions or  strains,  expansions,  etc. 
Catalogue  explains  merits  of  Construction  and  Operation 

The  KENNEDY  VALVE  MANUFACTURING  CO. 

Elmira,  N.  Y.,  and  57  Beekman  St.,  New  York  City 

Agencies  in  Chicago,  San  Francisco,  Portland,  Ore.,  New  Orleans, 
Louisville.  Kv.,  Boston. 


LINDSTROM'S  CORLISS   VALVE   STEAM   TRAP 


None 
Better 


r  Simplicity 
I    Durability 
For  ■{    Reliability 
I    Economy  and 
[  Emergency 

Write  for  Booklets 


JOHN  T.  LINDSTROM 

214  South  Third  Street 
ALLENTOWN,  PA. 


Albany    Steam    Traps 

are  the  result  of  thirty-five  years  spe- 
cializing in  the  production 
of  Steam  Traps 

Owners  and  Engineers  of  Steam  Plants  are 

requested  to  write  us  for  data 

concerning;  the 

SPECIAL  BUCKET  RETURN  TRAP 


ALBANY  STEAM  TRAP  CO., 

Established  1870.        JAMBS  H.  BLBSSINQ,  Pres. 
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Albany,  N.  Y. 

THOS.  P.  RYAN.  Sec   and  Treas. 


THE     ENGINEERING    LIBRARY 

IN  STHE 

Engineering  Societies  Building 

29  West  39th  Street,  New  York 


A  free  reference  library  containing  50  000  volumes.  One  of 
the  largest  collections  of  engineering  literature  in  the  world. 
There  are  450  current  technical  journals  and  magazines  on  file 
in  the  reading  room.  All  the  foreign  and  domestic  technical 
periodicals  are  received,  as  well  as  the  proceedings  of  the 
various  engineering  societies  of  the  world.  The  library  con- 
tains many  rare  and  valuable  reference  works  not  readily 
accessible  elsewhere. 


The  Library  contains  the  individual  libraries  of 

The  American  Institute  of  Mining  Engineers 
The  American  Society  of  Mechanical  Engineers 
The  American  Institute  of  Electrical  Engineers 


A  union  catalogue  of  the  serial  publications  of  the  three 
Libraries  (is  accessible   to  the  users   of  the    Library 


THE  LIBRARY  IS  OPEN  FROM  9  A.  M.  TO  9  P-  M. 

Librarians  are   in   constant   attendance 
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WILL  PAY  FOR  ITSELF 
IN  THREE  MONTHS 

TI  An  E.  C.  &  M.  Magnet  will  pay  for  itself  in 
three  months;  this  may  sound  rash  but  when  you 
consider  the  fact  that  one  magnet  will  do  the 
work  of  from  ten  to  fifteen  men  it  means  at  least 
$15.00  a  day  saved. 

H  Think  this  over;  write  us  your  conditions  and 
present  methods  of  handling  your  rough  and 
finished  product. 

REMEMBER 

'       '  Our  magnets  are    dependable — they  will  lift 

more  and  wear  longer  than  any  competitive 
magnet.      Let  us  prove  it  to  you. 

THE 

ELECTRIC  CONTROLLER  &  MFG.  CO. 

CLEVELAND,  O. 


The  Book  of  Hoists 

CEND  for  a  copy  of  the  new  edition  of  our  complete 
^  catalogue  of  hoisting  apparatus  which  is  now  ready. 


CONTENTS 


Triplex  Chain  Blocks 

Duplex   Chain  Blocks 

Differential   Chain   Blocks 

Bracket  Jibs 

Traveling  Cranes 

Turntables 

Safety  Crabs 

Safety   Double  Lift   Hoist 

Twin  Hoolc  Triplex  Block 

Electric  Triplex   Hoists 


Trolleys  plain 

Trolleys  geared 

I-Beam  Travelers 

Overhead   Track 

Winches 

Derrick   Winches 

Triplex  Winch 

Electric  Hoists 

Motor   Driven  Trolleys 

Crane  Trolleys  for  Electric  Hoists 


The  Yale  &  Towne  Mfg.   Co.,   9  Murray  St.,  New  York 

Foreign  Warehouses:  The  Fairbanks  Co.,  London,  Glasgow. 
Fenwick,  Frcres  &  Co.,  Paris,  Brussels,  Liege  and  Turin. 
Yale  &  Towne,   Ltd.,   Hamburg.      W.   F.    Home,   Yokohama 
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90-foot  Double  Strand  Steel  Conveyor 

LINK  CHAIN  BELT  GO'S 

System  of  Elevating 
Conveying  and  Power 
Transmission  Machinery 
Silent  Chain  Drives 
and   Gravity  Roller  Conveyors 
Experts  on  reduction  of  Factory  Costs 
Write  for  Catalogue  20-E 


50  CHURCH  ST. 


NEW  YORK 


THE     J.     M.     DODGE     COMPANY 

NICETOWN,     PHILADELPHIA 

CONTRACTING    ENGINEERS. 


"The  Dodge  System"   of  Coal   Storage 

Cranes,  Bridge  Tramways,  Telphers  and  other  apparatus  for 
the  Transportation  of  material 

Concrete  and  Steel  Structures 
YEAR    BOOKS 

The  Society  wishes  to  have  a  file  of  year  books  or  catalogues  complete 
since  its  formation.  Will  members  who  have  any  of  the  followini^ 
numbers  either  send  them  to  the  Society  or  correspond  with  the  Secretary 

No.   2,   1881  No.     6,   1885  No.   13,   1892.  July 

No.  3,   1882  No.     7,   1886  No.   14,   1893,    lanuary 

No.   5,   1884  No.   12,   1891,  July  No.   14,   1893,  July 

Also  the  1903  edition  of  the  Pocket  List  of  Members 

The  American  Society  of  Mechanical  Engineers 

29  West  39th  Street,   New  York 


Clebelanti    Craned 

That  you  may  secure  the  very  best  there  is  in 
hoisting  macuinery  when  in  the  market  first 
consider  Cleveland  Cranes — for  Price,  Quality 
and  E.Bciency. 

The  Cleveland  Crane  3r  Car  Co> 

-«  WiCKLIFFE.OhIO.  —  ENGINEERINOCa 


IS 


If  you  need  ELECTRIC  AND  HAND  TRAVELING  CRANES 


Learn  about 


NOimiERN 
ICRANESl 

Made  to  suit  the  most  exacting 
engineering  requirements  and  the 

most  severe  duty 
All   types,   capacities  and  sizes 

NORTHERN  ENGINEERING  WORKS, Dj^j^^'t 


NEW  VORK  OFFICP.   120  LIBERTY  STREET 


CHICAGO,  539  MONADNOCK 


CRANES 


HOISTS 


ELECTRIC  AND  HAND  POWER 
ALL  TYPES  AND  CAPACITIES 


ALFRED    BOX    &    CO. 


Philadelphia,  Pa. 


ALLIANCE    CRANES    All    Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO. 


Alliance,  Ohio 


Pitt^^hnr;,'  Office,  Frick  Building. 


BirminK}iani  Office,  Woodward  Building 


^H^^^HK'-^* 

Bp  pH^^  '        ^~  'r « ' 

ELECTRIC  TRAVELERS 
All  Types  for   Every   Service 


COMPLETE  EQUIPMENT 

AND  Cranes  of  All  Kinds  fob 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant 
delivered   to   purchasers   ready  to  run. 

Whiting  Foindry  Equipment  Co. 

Manufacturers,  Engineers,  Designers 
HARVEY,  ILL.  (Chicago,  suburb) 


v.) 


CONVEYING 


AND 


POWER-TRANSMISSION 
MACHINERY 

Link-Belt 
Company 


PHILADELPHIA 


CHICAGO 


INDIANAPOLIS 


New  York:  Pittsburgh:  St.  Louis: 

299  Broadway.   1501-02  Park  Bldg.  Missouri  Trust  Bidg. 

Seattle:  Denver: 

439-440  N.Y.Block.   Lindrooth,  Shubart  &  Co. 

New  Orleans: 
A^'ilmot  Macliinerj-  Co. 


I/. 


liiii 

MADE   TROM 

ROEBUNG  WIRE 

BY 

JOHN  A.ROEBLING'S 
SONS  COMPANY 

:      TRENTON.  N.J. 


THE 

STANDARD 

WIRE 

ROPE 


-,i 
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340  ft.  centers,   capacity  per   minute.   3    londed   cars  weighing; 
5500  lbs.  and  3  empties  weighing  1600  lbs.  each. 


TheJEFFREY 

WIRE  CABLE 

CAR  HAUL 

IS  THE 

most  efficient,  service- 
able and  economical 
medium  used  for  the  con- 
tinuous haulage  of  mine 
cars 


WE  BUILD 

COMPLETE  COAL  MINE  AND  TIPPLE  EQUIPMENTS 

Including  Electric  Locomotives,   Coal   Cutters,   and  Drills, 

Coal   Washeries,    Elevators,   Conveyors, 

Screens,   Crushers,  Etc. 

THE    JEFFREY   MFG.  CO. 

COLUMBUS,    OHIO,  U.    S.    A. 

New  York                   Chicago  Boston 

Pittsburg                     Denver  Charl   ston 

Knoxville                     St.  Louis  ftiontreal 


DIAMOND   CABLE   CHAIN 

FOR   COUNTERBALANCING 
LIFTING,    LOWERING,   ETC. 

THIS    chain    is    the    most  practical    means    of    attaching   the 
counterweight  to  heavy  moving  parts,  such  as  the  cross  rails 
of  planers  and  milling  machines,  the  tool  bars  or  guides  of 
boring  mills,  slotting  machines,  radial    drills,   turning  mills,  and 
of  all  machines  where  similar  parts  must  be   moved  with  ease  and 
safety. 

For  lighter  duty  also. Diamond  Chains  are  superior.  They 
are  stronger,  operate  better  and  will  outwear  woven  or  sanitary 
chain.  The  parts  are  made  and  assembled  entirely  by  automatic 
machinery,  which  insures  absolute  uniformity,  a  nice  smooth 
finish,  and  easy  turning  at  every  joint.  The  perfection  of  our 
machinery  enables  us  to  quote  a  price  on  these  cable  chains  which 
renders  their  use  practical  even  on  the  cheapest  machinery.  Made 
in  all  standard  sizes  and  pitches  up  to  5003  lbs.  tensile  strength, 
and  may  be  had  in  steel,  brass  or  copper  to  meet  the  service  con- 
ditions.    We  also  make  modifications  of  this  chain  to  order. 

Write  for  pamphlet  on  '^ Cable  Chains.'' 

DIAMOND  CHAIN  &  MANUFACTURING  CO. 

259  W.  GEORGIA  STREET,  INDIANAPOLIS,  IND. 
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DODGE 


During  the  last  25  years  we  have  success- 
fully applied  the  Dodge  American  System 
of  Rope  Transmission  to  the  solution  of 
many  varied  power  transmission  problems. 

Outdoor  drives.  Right  Angle  drives. 
Transmitting  large  powers  between  centers 
as  short  as  twelve  feet,  and  centers  as  distant 
as  seven  hundred  feet. 

Everyone  who  is  interested  in  the  installa- 
tion of  rope  drives  should  have  a  copy  of 
our  new  book  J-76  ^^Twenty-five  Years 
of  Rope  Driving,'' 

This  book  illustrates  and  describes  a 
number  of  our  rope  drive  installations  and 
shows  how  Dodge  Rope  Drives  have  solved 
difficult  transmission  problems.  Sent  on 
application. 

Dodge  Manufacturing  Company 

MISHAWAKA,   STA.   K-45,   INDIANA 

BOSTON  NEW  YORK  PITTSBURG  CINCINNATI 

BROOKLYN  PHILADELPHIA  CHICAGO  ST.   LOUIS 
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ADVERTISING      SUPPLEMENT 


SECTION  4 


Engineering   Miscellany 


Machine   Shop  Equipment       ...               -               -  Section    I 

Power  Plant   Equipment          .....  Section  2 

Hoisting   and  Conveying   Machinery.      Power  Transmission      -  Section   3 

Engineering   Miscellany            .....  Section  4 

Directory  of   Mechanical   Equipment                 ...  Section   5 


DRY  AIR  vs.   MOIST  AIR 

Ventilation 

It  is  not  a  question  of  whether  or  not  the  textile  mill  is  to  be  ventilated  but 
HOW  it  will  be  ventilated. 

Practically  all  mills  during  hot  weather  open  the  windows  to  procure  natural 

ventilation  to  assist  in   cooling  their  mills.       This   air  is   dry  and   at   the 

outside  temperature. 

WITH  THE    CARRIER   SYSTEM   all  the  air  for  ventilation  enters  the 

building  through  the  humidifier.     This  air  is  moistened  to  saturation  and  on 

very  hot  days  leaves  the  humidifier  from  14"  to  18"  BELOW  the  outside 

temperature. 

Which  does  the  most  cooling? 
Which  does  the  most  humidifying? 

DRY  AIR  VENTILATION  through  the  windows  brings  in  dirt  and  dust. 
creates  draughts  that  break  the  yarns  and  the  quantity,  being  dependent 
upon  the  atmospheric  conditions,  is  not  easily  controlled. 
MOIST  AIR  VENTILATION  by  the  Carrier  System  thoroughly  cleanses 
the  air,  produces  no  draughts  and  the  quantity  is  controlled  at  the  wiil  of 
the  operator. 

CARRIER  AIR  CONDITIONINGCO. 

OF  AMERICA 
39  Cortlandt  St.,  New  York  ^ 

(143-C) 


^MERV 


QSCiMBBll 


UNIVERSAL 
CASTIR0N 


PIPE 


Is  Cast  Iron  Pipe  with 
Male  and  Female  Ends 
and  Contact  Surfaces 
machined  on  a  taper 
giving  the  equal  of  a  ground  joint.   By  making  the 

tapers  of  slightly  different  pitch,  the  joint  is  pivotal  at  any  point  in 
its  periphery,  and  the  rigidity  of  "turned  and  bored"  joints  does  not 
obtain — hence  the  name  UNIVERSAL. 

The  sections  are  held  together  by  bolts,  two  bolts  to  a  joint  sufficing  except 
for  extreme  pressures.  The  pipe  can  therefore  be  laid  with  minimum 
labor — and  no  caulking  with  molten  lead,  jute,  etc. 

Universal  Pipe  provides  for  expansion  and  contraction,  vibration,  and 
deflection  due  to  unequal  settlement.  It  affords  a  path  of  such  low  resistance 
for  stray  electrical  currents  that  deterioration  by  electrolysis  is  practically 
eliminated. 

The  result  is  a  pipe  that  does  not  leak  and  continues  not  to  leak.  The 
economy  effected  in  laying  offsets  the  cost  of  machining.  The  saving  through 
eliminated  leakage  and  in  maintenance  is  material.    Write  for  full  particulars. 


Central  Foundry  Company, 


37  WALL  ST. 
NEW  YORK 


23 


General  Electric 
Centrifugal  Air  Compressors 

The  power  required  to  drive  the  General 
Electric  Centrifugal  Compressors  varies 
approximately  with  the  volume  of  air 
delivered,  when  operating  at  constant  speed. 

These  Compressors  allow  a  variation  in 
volume  over  a  wide  range  at  constant 
pressure  without  change  of  speed  or  appre- 
ciable loss  in  efficiency. 

General  Electric  Company 

Principal  Office,  Schenectady,  N.  Y. 

New  York  Office,   30  Church  St. 

Sales  office   in   all  large  cities 
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ONCE  USED 
ALWAYS  USED 

When  Goulds  Efficient  Triplex  Power  Pumps 
are  specified  for  any  pumping  problem  you  can  rest 
assured  that  they  will  stand  up  under  the  most  severe 
conditions.  Experienced  Engineers  recommend  them 
for  every  service.     Catalog  sent  on  request. 

THE  GOULDS  MFG.  CO. 

78  W.  Fall  Street  Seneca  Falls,  N.  Y. 

Branches  in  all  large  cities 


The  Jeanesville   Iron   Works  Co. 
hazleton,  pa. 

Builders  of 

High. Grade    Pumping    Machinery 
Direct-Acting,  Fly-Wheei  and  Centrifugal 

for 

Elevator,    Mine    and    Wa2:erworks    Service 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69  N.Jefferson 
Street,  Chicago,  111. 

New  York  Office,  139-41  Cortlandt  Street 


VENTURI  METERS 

On  High  Pressure   Fire  Service 
New  York  City 

See  the  article  of  Prof.  R.  C.  Carpenter, 
page  839  of  the  September  Journal  of  the 
A.  S.  M.  E. 

Each  high  pressure  station  has  a  12  in. 
^'enturi  Meter  which  measures  any  water 
taken  into  high  pressure  system  from  the 
fow  pressure  system,  and  two  24  in.  Ven- 
turi  Meters  >vhich  not  only  measure  tlie 
water  used  at  the  fires,  but  also  show 
when  the  pumps  are  below  their  normal 
efficiency  or   require   repairs. 

Descriptive  circular  on  ai)plication. 

Builders  Iron  Foundry 

Providence,  R.  I. 
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ENGINEERING  SCHOOLS  AND  COLLEGES 


CLARKSON 
SCHOOL  OF  TECHNOLOGY 

Thomas  S.  Clarkson  Memorial 
Organized  Under  Charter  of  the  Univer- 
BiTT  OF  THE  State  of  New  York.  Courses  lead- 
Ing  to  degrees  of  Bachelor  of  Science  in  Chemical, 
Civil,  Electrical  and  Mechanical  Engineering,  corn- 
prising  four  years  of  thorough  training  and  resi- 
dent college  work  in  theory  and  practice  of  engi- 
neering. Copies  of  Clarkson  Bulletin,  published 
quarterly,  mailed  on  application. 

Wm.  S.  Alhrich,  Director, 

POTSDAM,  N.  Y. 

POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering.  Even- 
ing Post-Graduate  Courses.  Fred.  W.  Atkinson, 
Ph.D.,  President;  W.  D.  Ennis,  Member  A.S.M.E., 
Professor  Mechanical  Engineering. 


TUFTS  COLLEGE 

Department  of  Engineering.  _  Civil,  Mechan- 
ical, Electrical  and  Chemical  Engineering.  New 
laboratories  and  excellent  equipment.  Beautiful 
site  within  four  miles  of  Boston.  Preparatory  de- 
partment for  students  who  have  had  engineering 
practice,  but  insufficient  preparation  for  college 
work.  For  information  concerning  courses  and 
positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE  P.  O..  MASS. 


THE  RENSSELAER  POLYTECHNIC 
INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical  En- 
gineering and  General  Science  leading  to  the  de- 
grees, C.E.,  M.E.,  E.E.  and  B.S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y 


THE   UNIVERSITY   OF   MICHIGAN 

Ann  Arbor,  Mich. 

Department  of  Engineering.  Courses  offered 
in  Civil,  Mechanical,  Electrical,  Chemical,  Marine 
Engineering  and  Naval  Architecture,  Architecture 
and  Architectural  Engineering,  and  Geological 
Engineering.  Four,  five  and  six  year  courses. 
University  attendance,  5000;  Engineering  atten- 
ance,  1350. 

For  special  Bulletins  address 

James  P.  Bird,  Secrelary. 

NEW  YORK   UNIVERSITY   SCHOOL 
OF  APPLIED  SCIENCE 

Departments  of  Civil,  Mechanical  and  Chemi- 
cal Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean. 

UNIVERSITY   HEIGHTS,   N.   Y.,   CITY. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

181  LaSalle  Street,  CHICAGO 


EARLE  C.  BACON 

Member  A.  S.  M.  E. 
Hoisting,  Crushing  and  Mining  Machinery 

Havemeyer  Building,  NEW  YORK 


BERT.  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,   Specifications  and   Superintendance  of 
Manufacturing  Buildings,  Plants  and  Equipments 
of  same. 

Perin  Building,  CINCINNATI,  OHIO. 


WILLIAM  R.  CONARD 

Assoc.  A.  S.  M.  E.  and  A.  S.  C.  E. 

Inspection  of  Rails,  Bridge  Materials,  Building 
Materials  of  Iron  and  Steel  Cars.  Locomotives,  etc. 

Specialty:  Inspection  of  all  Water-Works  Mate- 
rials, 322  High  Street,  BURLINGTON,  N.  J. 
Maison  Blanche  BIdg.,  NEW  ORLEANS,  LA. 

R.  C.  Huston,  C.E.,      Southern  Representative 


F.  W.  DEAN 

Member  A.  S.  M.  E. 
Mill  Engineer  aud  Architect, 
Exchange  Building,  53  State  St.,  BOSTON,  MASS. 


J.  A.  HERRI CK,  Consulting  Engineer 
Member  A.  S.  M.  E. 

The  Herrick  Patented  Gas  Producers,  Gas  and 
Air  Valves,  Gas  Furnaces,  Regenerative  and 
Direct  Fired — all  purposes. 

Room  1603,  No.  2  Rector  St.,  N.  Y.  City 


D.  HURLEY  &  COMPANY 

Factory  and  Mill  Engineering 
17  Custom  House  Street,     PROVIDENCE,  R.  I. 

CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 
Room  911,  45  Milk  Street,  BOSTON,  MASS" 

J.  G  O'NEIL 

Member  A.  S.  M.  E. 
Contracting  Engineer;  Boilers,  Engine  Pumps 
and  Steam  Specialties. 

304  The  Rookery,  CHICAGO,  ILL. 
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ADVERTISING     SUPPLEMENT 


SECTION  5 


DIRECTORY 

OF 

MECHANICAL 
EQUIPMENT 


A  concise  reference  list  of  Machine  Shop,  Power  Plant  and 
Foundry   Equipment;   Pumping   Machinery;    Power 
Transmission  Machinery;    Electrical  Appa- 
ratus;   Hoisting    and    Conveying 
Machinery  and  allied  lines. 


Machine   Shop   Equipment         .  -  .  . 

Power  Plant   Equipment  -  -  .  . 

Hoisting   and  Conveying  Machinery.      Power  Transmission 

Engineering   Miscellany  -  -  -  - 

Directory   of  Mechanical   Equipment 


Section 

I 

Section 

2 

Section 

3 

Section 

4 

Section 

5 

MACHINE  SHOP  EQUIPMENT 


AMERICAN  WATCH  TOOL  COMPANY 

WALTHAM,  MASS. 

Bench  Lathes,  Automatic  Pinion  Cutters,  Automatic  Wheel  Cutters,  Sensitive 
Drills,  Profiling  Machines,  machinery  particularly  adapted  for  meter  manufacturing, 
tool  room  and  laboratory  work.  Estimates  given  on  special  work.  Send  for  new 
catalogue. 


PRECISION 
MACHINERY 


H.   G.   BARR 

21  Hernion  St.  WORCESTER.   MASS. 

Single  and  Multiple  Drilling  Machines  with  or  without  power  feed, 
"General  Electric"  Motor  drive  if  desired.  No.  I  or  No.  2,  "Morse  Taper."" 
Orer  75  styles,  adapted  to  every  need.  These  machines  will  do  more  than 
the  twist  drills  can  stand  up  to. 


DRILLING 
MACHINES 


BETTS  MACHINE  CO. 

WILMINGTON,  DEL. 
We  build  a  complete  line  of  Vertical  Boring  Mills,  Planing  Machines, 
Slotting  Machines,  Horizontal  Boring  Machines,  etc.,  etc. 


HEAVY 

MACHINE 

TOOLS 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 
Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.    Tlie  Carborundum  pro- 
ducts include:  Crinding  Wheels  for  every  possible  grinding  need.  Sharpening  Stones, 

ind  Garnet  Paper. 


Oil  Stones,  Rubbing  Brick 
Carborundum  Grains  and  Powders 


CARBORUNDUM 
PRODUCTS 


S.   W.   CARD  MFG.   CO. 

MANSFIELD,  MASS.,  U.  S.  A. 
Card  Quality  Taps  are  made  the  best  we  know  how  and  we  know  how 
to  make  the  best.     Established  1874. 


TAPS 


THE   J.    M.    CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.   I. 

Carpenter"s  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the  market 
and  38  years  in  the  lead. 


TAPS  AND 
DIES 


CINCINNATI  GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 
Our   Automatic    Spur  Gear  Cutting  Machines  exceed  in    j)owei 
capacity  and  equal  in  accuracy  any  machines  of  their  type  made. 


and 


GEAR 

CUTTING 

MACHINES 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 

We  manufacture  the  most  complete  line  of  Shapers  made,  including 
Plain  Crank,  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  well  as  Crank  Planers. 


SHAPING 
MACHINES 
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MACHINE  SHOP  EQUIPMENT 


TAPS 
DIES 


F.  A.  EKRINGTON 

41  CoRTi.ANDT  St.  new  YORK 

Auto-Reverse  Tapping  Chucks;  Drilling,  Tapping  and  Stud-Setting 
Attachments.  Positive,  Friction,  Interchangeable  Tap-Holders.  Auto- 
Opening  Dies;  Auto-Close  Taps. 


AUTOMATIC 

TURNING 

LATHE 


FAY  MACHINE  TOOL  CO. 

2xn  AND  Glexwood  Ave.  PHILADELPHIA,  PA. 

Fay  Automatic  Turning  Lathes  are  the  best  for  turning  duplicate  parts. 
Accuracy  and  rapid  production  guaranteed.  One  man  runs  4  to  6  ma- 
chines.    Ask  for  bulletin. 


GEAR 
SHAPERS 


NOISELESS" 
RIVETING 
MACHINES 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  tlie  cutter  is  a  theoreti- 
cally correct  generatin;;  tool  and  is  ground  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  25  to  50%.     Literature  gives  i-easons  in  debiil. 


THE  GRANT  MANUFACTURING  &  MACHINE  CO. 
BRIDGEPORT,  CONN. 

Send  to  us  your  samples  and  we  will  rivet  them  with  our  Noiseless,  Blowless, 
Spinning  Process,  and  return  to  you  free  of  charge,  giving  rate  of  production  which 
is  usually  more  rapid  than  one  per  second. 


MILLING 
MACHINES 


THE  INGERSOLL  MILLING  MACHINE  CO. 

ROCKFORD,  ILL. 

Milling  Machines  have  been  our  exclusive  specialty  for  over  23  years.  All  sizes 
from  20  in.  wide  up  to  any  width  with  every  combination  of  spindles.  Heavy  or  Light 
Work.  Our  new  Combined  Horizontal  and  Vertical  Spindle  Knee  Type  Machine  just 
out. 


TURRET 
LATHE 


INTERNATIONAL  MACHINE  TOOL  CO. 

INDIANAPOLIS,  IND. 

The  "Libby"  Full  Swing  Carriage  Turret  Lathe  has  full  swing-over  carriage; 
rapid  power  traverse  for  both  carriages;  geared  headstock,  quick  change  feed  gears 
and  speeds;  indicator  for  position  of  cutters;  automatic  feed  trip  oils;  very  coarse 
feeds;  very  fine  feeds;  ease  of  changing  from  belt  to  motor  drive. 


TURRET 
LATHES 


HEAVY  DUTY 

BORING 

MILLS 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 

Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 
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MACHINE  SHOP,  EQUIPMENT 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,    OHIO. 
We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and   Milling  Machines. 
They  are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the 
cutting  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


LATHES 

MILLING 

MACHINES 


MANNING,  MAXWELL  &  MOORE,    Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world   and   carry  in  stock  the  product   of  the  foremost  designers  of  the 
many  branches  of  machine  tool  building  in  the  United  States. 


MACHINE 
TOOLS 


MORSE   TWIST   DRILL   &   MACHINE   CO.        drills 

NEW  BEDFORD,  MASS.,  U.  S.  A.  "cHUCKS 

Makers   of  Drills,    Reamers,    Cutters,    Chucks,    Taps,    Dies,    Arbors,  TAPS  &  DIES 

Counterbores,  Countersinks,  Gauges,    Machines,    Mandrels,    Mills,    Screw  '  ETC 
Plates,  Sleeves,  Sockets,  Taper  Pins  and  Wrenches. 


NATIONAL   MACHINE   COMPANY 

HARTFORD,  CONN. 
Sensitive  Drills,  I  to  10  Spindles;  Reamer  and  Surface  Grinders;  Cen- 
tering and  Tapping  Machines.     All  kinds  of  Universal  Printing,  Embossing, 
and  Cutting  and  Creasing  Machines.     Send  for  catalogue. 


DRILLS 

GRINDERS 

CENTERING 

AND  TAPPING 

MACHINES 


THE   NATIONAL   MACHINERY   CO. 

TIFFIN,  OHIO 

We  build  a  complete  line  of  Bolt  and  Nut  Machinery,  including  Bolt  Cutters 
(threaders).  Bolt  and  Rivet  Headers,  Upsetting  and  Forging  Machines,  Hot  Pressed 
Nut  Machines,  Nut  Tappers,  Washer  Machines,  Wire  Nail  Machines  and  Lag  Screw 
Gimlet  Pointers. 


BOLT  AND 

NUT 

MACHINERY 


NEWARK  GEAR  CUTTING  MACHINE  CO. 

66  UNION  STREET,  NEWARK,  N.  J. 
Our   Automatic   Gear    Cutting    Machines   are  recommended  by  their 
users  for  accuracy  and  rapid  construction.     Write  for  circulars  describing 
improved  features  and  patented  construction. 


GEAR 
CUTTING 
MACHINE 


NIAGARA  MACHINE  AND  TOOL  WORKS 

BUFFALO,  N.  Y. 
Mfr's  of  Presses  of  various  types  and  capacities.  Squaring  and  Rotary 
Shears,  Punches,  Forming  Rolls,  Tinsmiths"  tools  and  machines,  etc. 


NILES-BEMENT 

-POND 

CO 

Ill 

Broadway 

NEW  YORK 

Metal  Working  Machine  Tools, 

all  kin 

ds  and  sizes 

Nile 

5S  Cranes, 

'2  to 

^OO  tons  capacity. 

SHEET 

METAL 

WORKING 

MACHINERY 


MACHINE 
TOOLS 
CRANES 


•^y 


MACHINE  SHOP  EQUIPMENT 


VERTICAL 

TURRET 

MACHINES 


A.   O.   QUINT 

HARTFORD,  CONN. 

Quint  Vertical  Turret  Machines  for  machining:  holes  in  large  or  irregular  pieces, 
holds  the  same  relation  only  to  common  drill  press  for  quick  and  accurate  work  that 
the  turret  lathe  holds  to  common  lathe  on  work  that  can  be  rotated. 


BOLTS 

AND 

NUTS 


RUSSELL,   BURDSALL  &  WARD  BOLT  &  NUT  CO. 

PORT  CHESTER,  N.  Y. 

Manufacturers  of  the  finest  jirade  of  Bolts  and  Nuts  for  automobiles, 
machinery  and  engineering-  work. 


CHUCKS 


THE  SKINNER  CHUCK  CO. 

New  York  City,  94  Reade  St.  New  Britaix,  Coxn.,  96  N.  Stanley  St. 

Manufacturers  of  Lathe,  Drill  and  Planer  Chucks,  Face  Plate  Jaws, 
Drill  Press  Vises  and  Reamer  Stands.  We  are  glad  to  quote  on  special 
Chucks.     Write  us  for  our  1909  Price  List,  illustrating  our  complete  line. 


TWIST  DRILLS 

REAMERS 

CUTTERS 

TAPS 


PRECISION 
BENCH 
LATHES 


THE  STANDARD  TOOL  CO. 

CLEVELAND,  OHIO  94  Reade  St.,  NEW  YORK 

Twist  Drills,  Countersinks,  Chucks,  Sockets,  Emery  Wheel  Dressers, 
Wire  Gauges,  Reamers,  Taps,  Screw  Cutting  Dies,  Milling  Cutters,  Taper 
Pins. 


WALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing  8",  will  tiike  %"  rod  through  the  chuck  and  the  workman- 
ship is  of  the  highest  watch  machine  standard.  It  is  a  necessity  in  the  modern  tool 
room.  Catalog  for  those  interested.  Also  makers  of  Automatic  Precision  Bench 
Machinery. 


TURRET 
LATHES 


THE  WARNER  &  SWASEY  COMPANY 

New  York  CLEVELAND  Chicago 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  produc- 
ing work  accurately,  rapidly  and  economically.  Our  catalog,  which  describes 
these  machines  fully,  will  be  mailed  on  request. 


DRILL 

GRINDERS 

SPEED 

LATHES 

SENSITIVE 

DRILLS 

DRAWING 

STANDS 


TOOL 
STEEL 


THE  WASHBURN  SHOPS 

OF    THE    WORCESTER    TOLYTECHNIC    INSTITUTE 

WORCESTER,  MASS. 

Worcester    Drill  Grinders  and    Drawing  Stands;  Washburn  Sensitive. 
Drills  and  Speed  Lathes. 


WHEELOCK,  LOVEJOY  &  CO. 

23  Cliff  Street  NEW  YORK 

Firth-Sterling  Tool  Steel.     Blue  Chip  Steel  for  taps,  die  cutters,  drills, 
reamers,  punches,  etc. 
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MACHINE  SHOP  EQUIPMENT 


THED.  E.  WHITON  MACHINE  CO. 

NEW  LONDON,    CONN. 
Whiton  Geared  Scroll  Combination  Chucks  have  the  special  qualities  of 
the  Whiton  Geared  Scroll  and  Independent  Jaw  Chucks.     Whiton  Revolv- 
ing Centerin<^  Machine  is  designed  for  accurately  centering  finished  shafts. 


CHUCKS 

CENTERING 

MACHINES 


AVILEY  &  Rl  SSELL   MTG 

GREENFIELD,  MASS. 


CO. 


Manufacturers  of  the  well-known  Liglitnin^  "Machine  Relieved"  Taps,  Green 
River  and  Lightning  Screw  Plates;  Adjustable  Screw  Thread  Cutting  Dies;  Spiral 
Fluted  Reamers;  Opening-Die  Bolt  Cutters,  etc.     Send  for  catalogue  34X. 


SCREW  PLATES, 
TAPS, 
REAMERS, 
BOLTCUTTERS 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


THE   BLAISDELL   MACHINERY   CO. 

BRADFORD,  PA. 

NEW  YORK  BOSTON  CHICAGO 

Blaisdell  Air  Compressors  are  manufactured  in  all  sizes  for  all  purposes. 


AIR 
Compressors 


CLEVELAND  PNEUMATIC  TOOL  CO. 

CLEVELAND,  O. 
We  make  the  most  powerful,  reliable,  durable,  economical  Hammers 
built.     Twenty-two  styles  and  sizes  of  Riveters;  18  styles  and  sizes  of  Chip- 
pers;  10  styles  and  sizes  of  Drills.     Tools  shipped  on  approval  at  our  expense. 


AIR  TOOLS 
HAMMERS 
RIVETERS 
CHIPPERS 
DRILLS 


THOS. 

YoBK  AXD  23rd  St. 


H.  DALLETT  CO. 

PHILADELPHIA,  PA. 


Our  Compressors  are  exceptionally  massive  and  rigid  in  design;  have  liberal 
bearing  surfaces;  all  working  parts  are  readily  accessible;  have  special  intake  and  dis- 
charge valves.  Are  particularly  adapted  for  high  class  installations.  Capacities  from 
80  cu.  ft.  per  minute  up  to  1200  cu.  ft.     Write  for  catalogue. 


AIR 

Compressors 


THE  LAIDLAW-DUNN-GORDON  CO. 

11.5  Broadway,  NEW  YORK  Works:  CINCINNATI,  OHIO 

Air  Compressors,  Elevator  Pumps,  Cross  Compound  Pumping  Engines. 


Al  R 
Compressors 

ELEVATOR 
PUMPS 

PUMPING 
ENGINES 


PAPERS  FROM  TRANSACTIONS  OF  A.  S.  M.  E. 

No.  824.  New  System  of  Valves  for  Steam  Engines,  Air  Engines  and  Compressors: 
F.  W.  (jordoii,  price  $.'20:  No.  k!I4.  'lest  of  an  Hydraulic  Air  Compres.'or:  W.  O. 
Webber,  price  $.10:  No.  1017.  Improvement  in  Valve  Motion  of  Duplex  Air  Compres- 
sors: S.H.  Bunnell,  price  $.10;  No.  1131.  A  High  Duty  Air  Compressor:  O.P.Hood, 
price  $.30. 
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PAPERS 
ON 
AIR 

compressors 


STEAM   ENGINES  AND  BOILERS 


STEAM   ENGINES  AND  BOILERS 


WATER    TUBE 
BOILERS 


ENGINES 


STEAM 
ENGINES 


ENGINES 
STEAM  AND  GAS 


STEAM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


ALMY  AVATER  TUBE  BOILER  CO. 

PROVIDENCE,   R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships, 
river  steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  lire  boats,  launches. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN   ENGINE   CO. 

42  Rauitan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American    Ball  Anjyle  Compound  Engines.      ApkIc  com- 


pound, 80  to  1,000  h.  p.;    double  angle  compound,  160  to  2,000  h.  p. 
cylinder  triple,  120  to  1,600  h.  p. 


four 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with 
non-detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 


ERIE  CITY  IRON  AYORKS 

ERIE,  PA, 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable  and  vertical  tubular.  Engines:  four  valve,  enclosed  high  speed, 
automatic,  center  crank,  side  crank,  portable.     Feed-Water  Heaters  from  25  to  600  h.p. 


STEAM 
ENGINES 


WATER 

TUBE 

BOILERS 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 
HARRISBURG,   PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


HEINE  SAFETY  BOILER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  units  of 
from  50  to  600  H.  P.,  will  materially  reduce  power  plant  expense. 

_ 


STEAM   ENGINES  AND    BOILERS 


THE  HOOVEN,  OWENS,  llENTSCHLEll  CO. 

HAMILTON,  OHIO. 
Manufacturers  of   Hamilton  Corliss   Engines,   Hamilton  High  Speed 
Corliss    Engines,    Hamilton    Holzwarth    Steam   Turbines,    Special    Heavy 
Castings. 


MURRAY    IRON   A\  ORKS    CO. 

BURLINGTON,  lA. 
Manufacturers  of  the  Murray  Corliss  Engine  and  Murray  Water  Tube 
Boiler. 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 
Rice   &   Sargent   Higher   Speed   Corliss   Engines,    Improved   Greene 
Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery. 


RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


ENGINES 
TURBINES 
CASTINGS 


ENGINES 
BOILERS 


STEAM   AND 

GAS  ENGINES 

GAS 

PRODUCERS 

STEAM 

TURBINES 


ENGINES 
GENERATORS 


ROBB-MUMFORD   BOILER   CO. 

SOUTH  FRAMINGHAM,  MASS. 

131  State  St.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Mumford  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


ROBT.    WETHERILL  &  CO.,   Inc. 

CHESTER,  PA. 
Manufacturers  of   Corliss  Engines  and  Boilers.     Special    Heavy  Ma- 
chinery-Plate Metal  Work. 


BOILERS 


CORLISS 
ENGINES 
BOILERS 


WISCONSIN    ENGINE   COMPANY 

CORLISS,  WIS. 
Corliss    Engines,    Air   and    Gas   Compressors,    High    Duty    Pumping 
Engines,  Blowing  Engines,  Rolling  Mill  Engines,  "Complete  Expansion" 
Gas  Engines. 


PAPERS  FROM  TRANSACTIONS   OF  A.  S.   M.  E. 

No.  29L  Surface  Condensers:  J.  M.  Whitham,  price  $.10;  No.  534 
Evaporative  Surface  Condenser:  J.  H.  Fitts,  price  $.10;  No.  693.    A 
Cooling  Condenser:  Ralberger,  price  $.20;  No.  1072.  Condensers  for  S 
Turbines,  price  $.20. 

An 
Self- 
ceam 

ENGINES 

AIR 
COMPRESSORS 


PAPERS 

ON 

CONDENSERS 
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GAS  ENGINES  AND   GAS   PRODUCERS 


GAS  ENGINES  AND  GAS  PRODUCERS 


GAS 
ENGINES 


JAMES  BEGGS  &  CO. 

109  LiBEra-Y  St.  NEW  YORK 

Manufacturers  of  Foos  Producer  Gas  Engines  for  Water  Works,  Elec- 
tric Light  and  Power  Plants  of  all  kinds;  Vertical  Multiple  Cylinder  Engines, 
20  to  2.50  h.  p.;  Horizontal  Single  Cylinder  Engines,  2  to  90  h.  p. 


GAS  ENGINES 

AND 

PRODUCERS 


THE  BRUCE-MACBETH    ENGINE   CO. 

Successors  to  THE  BRUCE-MERIAM-ABBOTT  COMPANY 
CLEVELAND,  O. 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.      For  natural  or  pro- 
ducer gas.      1,5  to  300  H.   P.      F^conomy,   reliability    and  simplicity  unex- 
celled. 


GAS 
ENGINES 


DU  BOIS  IRON  WORKS 

DU  BOIS,  PA. 
Du  Bois  Gas  Engines  operate  at  lowest  possible  fuel  expense  on  natural 
or  city  gas,  gasoline  or  producer  gas.     Speed,   gas,   air  and  electric  spark 
are  adjustable  while  engine  is  running.     Sizes  5  to  375  h.  p. 


GAS  POWER  COMPANY 

GAS  j  4  Rkctou  Street,  NEW  YORK 

PRODUCERS  I  Straight  Carbon  Monoxide  Gas  Producers.      Sole  licensees  for  use  of 

exhaust  as  diluent.      Builders  and    contractors  for  complete  factory  and 
waterworks  equipment. 


GAS 

ENGINES 

GAS  POWER 

PLANTS 


THE    JACOBSON    ENGINE    COMPANY 

CHESTER,  PA. 
Builders  of  high-grade  Automatic  Scavenging  Gas  Engines  (Jacobson's 
Patent).     Contractors  for  complete  Producer  Gas  Power  Plants  guaranteed 
as  a  unit. 


OIL 
ENGINES 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 

128-138  MoTT  St.,  NEW  YORK 

Oil  Engines,   Marine  and   Stationary,  2-200  h.  p.      Direct  coupled  or 
belted  to  Generators,  Air  Compressors,  Pumps,  Hoists,  etc.,  etc. 


GAS  ENGINES 

AND 

PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h.  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 
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GAS  ENGINES  AND   GAS   PRODUCERS 


POWER   AND    MINING    MACHINERY  CO. 

West  St.  CUDAHY,  WIS. 

Manufacturers  of  Loomis-Pettibone  Gas  Producers,  the  most  successful 
bituminou.  coal  producer,  of  McCuUy  Rock  Crushers,  Mining,  Smelting, 
Copper  Converting  and  Cement  Making  MachinerJ^ 


RIVERSIDE  ENGINE  COMPANY 

OIL  CITY,  PA. 
Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  service, 
in  twelve  types  and  seventy-two  different  sizes  from  10  to  2500  h.  p. 


Built 


GAS 
PRODUCERS 

MINING 
SMELTING 
CRUSHING 

CEMENT 
MACHINERY 


GAS 
ENGINES 


STRUTHERS-WELLS  COMPANY 

WARREN,  PA. 

Warren  Vertical  and  Tandem  Gas  Engines  and  Section  Gas  Producers  have  heavy 
overload  capacity,  close  regulation,  positive  lubrication,  positive  circulation  of  cooling 
water.  No  joints  between  combustion  chamber  and  water  jackets.  All  valve  cages 
removable. 


GAS     ENGINES 

AND 

PRODUCERS 


THE  SUPERIOR  GAS  ENGINE  CO. 

SPRINGFIELD,  OHIO. 
Superior  Tandem  Engines,  100  to  200  H.  P.     Single  Cylinder  Engines, 
5  to  100  H.  P.     Will  operate  economically  on  natural,  artificial  or  producer 
gas,  gasoline  or  distillate.      All  Engines  carry  a  -20  to  25%  over  load. 


GAS 
ENGINES 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  1100.  Gas  Producer  Tests:  Fernald,  price  $.30;  No.  1126.  Producer  Gas  Power 
Plant;  Bibbins,  price  S.20;  No.  1)33.  Evolution  of  Gas  Power:  Junge,  price  $.50;  No.  1166. 
Duty  Test  on  Gas  Power  Plant:  Bibbins  and  Alden,  price  $.40;  No.  1167.  Control  of 
Internal  Combustion:  Lucke,  price  $.20. 


PAPERS 

.  ON 

GAS 

PRODUCERS 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


ALBANY  STEAM  TRAP  COMPANY 

ALBANY,  NEW  YORK  k 

Albany  Steam  Traps  are  the  result  of  thirty-five  years  specializing  in 
the  production  of  Steam  Traps.  Owners  and  engineers  of  Steam  Plants  are 
requested  to  write  for  data  concerning  the  Steam  Bucket  Return  Trap. 


STEAM 
TRAPS 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Established  1851 

Presssure  and  Recording:  Gauges,  F.ngine  Room  Clocks  and  Counters  for  nil  pur- 
poses. Iron  and  Brass  Pop  Safety  ancl  Relief  Valves  for  stationary,  marine  and  loco- 
motive use.  The  American  Thompson  Improved  Indicator  with  new  improved  detent 
motion. 

35 


VALVES 

GAUGES 

INDICATORS 


POWER   PLANT  AUXILIARIES  AND   SPECIALTIES 


VALVES 
GAGES 


WATER 
SOFTENERS 


THE  ASHTON  VALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfactioa. 


L.   M.   BOOTH  COMPANY 

NEW  YORK  CHICAGO 

Booth  Water  Softeners  are  automatic  machines,  using  lime  and  soda  for 

removal  of  incrusting,  corrosive,  or  otherwise  deleterious  substances,  from 

water,  for  all  purposes.     Send  for  free  booklet  "Hard  Water  Made  Soft." 


INJECTOR 
CONDENSORS 


HENRY  W.   BULKLEY 

ORANGE,  N.  J. 

The  Bulkley  Injector  Condensor  is  guaranteed  to  form  the  best  vacuum 
by  head  of  water  or  by  supply  pump, 
engines. 


In  a-eneral  use  on  all  classes  of 


VALVES 


STEAM 
APPLIANCES 


CHAPMAN  VALVE  1SL4NLFACTURING  CO. 

SPRINGFIELD,  MASS. 

Open  Heartli  Annealed  Cast  Steel  Gate  and  Globe  Valves  for  liig-h  pressures  and 
superheat.  Automatic  \on-return  Steam  Check  Valves.  Blow-oflf  Valves.  Hot  Gas 
Valves  for  Blast  Furnaces.    Write  for  our  1909  Catalogue. 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators:  Stationary,  Marine.  Locomotive  Safety  Valves; 
Gages  for  all  purposes:  Recording:  Instruments:  Chime  Whistler:  Sight  feed  Lubrica- 
tors: Globe  and  Angle  Valves.  Iron  and  Brass,  for  high  pressures:  Blow-off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


BOILER 
WATER 

TREATMENT 
BOILER 

COMPOUND 


DEARBORN  DRUG  &  CHEMICAL  WORKS 

General  Offices  and  Laboratories:   Postal  Telegraph  Bldg.,  CHICAGO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  gratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


LUBRICATORS 


DETROIT  LUBRICATOR  COMPANY 

DETROIT,  MICH. 

"Detroit"  Sight-Feed  Lubricators  are  made  in  4.51  different  styles,  to 
fill  any  requirement,  and  are  simple  and  dependable. 


GRAPHITE 
PRODUCTS 


JOSEPH  DIXON  CRUCIBLE  CO. 

JERSEY  CITY,  N.  J. 
Miners,  importers  and  manufacturers  of  Graphite,  Plumbago,  Black- 
Lead  Pencils,  Crucibles,  Stove  Polish,  Lubricants,  Paints,  and  Graphite, 
Products  of  all  kinds. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


THE  ENGINEER  COMPANY 

50  CHURCH  STREET  NEW  YORK,  N.  Y. 

"Economy"'  and  "Increased  Capacity""  obtained  by  the  Upbuilding  of 
Furnace  Efficiency  when  operating  with  the  Balanced  Draft  System. 
(Trade  Mark  "Balanced"  Reg.   U.  S.  Pat.  Office.) 


BALANCED 

DRAFT 

SYSTEM 

McLean  Patents 


GOLDEN-ANDERSON  VALVE  SPECLILTY  CO. 

]032  Fulton  Bldg.  PITTSBURG,  PA. 

Valves:  Non-Return,  Stop  and  Clieck,  Boiler  Stop,  Boiler  Feed  Check,  Reducintr, 
Controlling-  Altitude,  Automatic  Float.  Globe  and  Angle.  Boiler  Blow-Otl',  and  Auto- 
matic. Balanced  Plug  Cocks.  Steam  Traps.  Automatic  Water  and  Locomotive  Steam 
Gauges.    Feed  Water  Regulators. 


HOMESTEAD  VALVE  MANUFACTURING  COMPANY 

Works:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


VALVES 

GAUGES 

FEED-WATER 

REGULATORS 


VALVES 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators.  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  complete  catalogue. 


VALVES 
STEAM  TRAPS 
SEPARATORS 
REGULATORS 


THE  KENNEDY   VALVE  MANUFACTURING  CO. 

ELMIRA,  X.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants; 
Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


McCORD  AND  COMPANY 

CHICAGO  NEW  YORK 

The    McCord    Spring    Dampener.      The    McCord   Journal    Box.      The 
McCord  Draft  Gear.     The  McCord  Force-feed  Lubricator. 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS. 
Manufacturers  of  Reducing  Valves,  Damper  Regulators,  Automobile 
Engines,    Pump    Governors,    Pressure    Regulators,    Balanced    and    Lever 
Valves. 
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VALVES 


JOHN 

T. 

LINDSTROM 

214 

S.  Third  St. 

ALLENTOWN, 

PA. 

Manufacturer  of  Lindstrora's 

Corliss  Valve  Steam  Trap, 

Steam  Separa- 

tors 

,  Boiler  Separators. 

SEPARATORS 
STEAM 
TRAPS 


RAILWAY 
SPECIALTIES 
LUBRICATORS 


VALVES 

STEAM 

SPECIALTIES 


FLEXIBLE 
JOINTS 


POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 


MORAN  FLEXIBLE  STEAM  JOINT  CO. 

115  N.  3d  St.  LOUISVILLE,  KY. 

All  Metal  Flexible  Joints,  for  steam,  air,  gas  and  liquid.     Universal 

brass  ball  unions  and  distillers'   brass  goods.  Automatic  Fillers  for  half 
barrels,  barrels  and  casks  or  drums. 


STEAM 
TRAPS 


MOREHEAD    MANUFACTURING 

DETROIT,  MICH. 


CO. 


Return,  Non-Return  and  Vacuum  Steam  Traps.  The  Morehead  Tilting:  Steam  Trap 
is  the  original  design  of  tilting  trap,  having  been  on  the  market  for  a  quarter  of  a  cen- 
tury. For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself.  Illus- 
trated descriptive  catalog  sent  on  request. 


VALVES 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature.    Our 
new  :224-page  Valve  Catalogue  sent  free  on  request. 


STEAM 

SEPARATORS 

TRAPS 


W.   H.   NICHOLSON  &  COMPANY 

WILKES-BARRE,  PA. 
The  Wyoming  Automatic  Eliminator  is  a  combination  Steam  Separator 
and  Trap.      It  has  the  capacity  to  handle  floods  as  well  as  ordinary  conden- 
sation.    Write  for  catalogue  on  separators  and  steam  traps. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Ohio  Locomotive  Injectors.  Garfield  Injectors  and  IJjectors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors,  Chicago  Sight- 
Feed  Lubricators  for  locomotive  and  stationary  service.  Grease  Cups,  Oil  Cups,  Water 
Gauges,  Gauge  Cocks,  O.  I.  Co.  Valves,  etc. 


METALLIC 
TUBING 


PENNSYLVANIA  FLEXIBLE  METALLIC  TUBING  CO. 
PHILADELPHIA,  PA. 

Our  Metallic  Tubing  is  made  in  all  sizes  from  |"  to  1-2"  of  copper  or 
galvanized  steel  tape  rolled  into  spiral  form  in  one  continuous  length.  Used 
for  high  pressures  and  all  liquids,  compressed  air,  .steam,  gases,  oils,  etc. 


"WHITE   STAR" 

VALVES 
GLOBE,     GATE 
ANGLE,  CHECK 


THE  WILLIAM  POWELL  CO. 

CINCINNATI,  OHIO 

"White  Star"  Globe,  Gate,  Angle  and  Check  Valves,  with  the  revers- 
ible-regrindable-renewable  discs;  three  valves  in  one  at  the  price  of  one; 
two  grades,  for  200  lb.  and  300  lb.  working  pressures. 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


POWER  PLANT  SPECIALTY  COMPANY 

625  MONADNOCK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  ^'ater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,   Pressure  and  Gravity  Filters.      Correspondence  solicited. 
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POWER    PLANT  AUXILIARIES   AND  SPECIALTIES 


JOHN  SIMMONS  COMPANY 

110  Centre  St.  NEW  YORK 

The  Rothchild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  j^as,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  repairs  or  replacing  of  parts. 


ROTARY 
GATE 
VALVE 


WALCH   &    WYETH 

CHICAGO,  ILL. 

The  Erwood  Straightway  Swing-Gate  Valve  is  invaluable  as  a  safety  gate  on  ex- 
hausts of  engines,  pumps,  hammers,  elevators  and  air  compressors,  also  as  a  non-return  on 
boilers,  between  cylinder  and  condenser,  cylinder  and  heater  and  as  a  combined  check 
and  gate. 


VALVES 


WHEELER  CONDENSER  &  ENGINEERING  CO. 

Main  Office  and  Works:     CARTERET,  N.  J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps.  Centrifugal  Pumps,  Rotative 
Dry  Vacuum  Pumps  and  Multiple  EflFect  and  Evaporating  Machinery. 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


C.  H.  WHEELER  MFG.  CO. 


NEW  YORK 


PHILADELPHIA,  PA. 

CHICAGO 


SAN  FRANCISCO 


Manufacturers  of  Hifih   Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


CONDENSERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


A.    R.    WILLOUGHBY 

The  Bourse  PHILADELPHIA,  PA. 

Willoughby's  Patent  Improved  Shaking  Grates  and  Furnaces;  Alter- 
nating Rotary  Shaking  Grates  for  fire  engines  and  all  boilers  with  circu- 
lar fire  boxes. 


SHAKING 
GRATES 


FOUNDRY   EQUIPMENT 


HANNA  ENGINEERING  AVORKS 

2065  Elston  Ave.,  CHICAGO,   ILL. 

Manufacturers  of  Hanna  Pneumatic  Yoke  Riveters,  Plain  Toffgle  Riveters,  Hydro- 
Pneumatic  Riveters,  Pneumatic  Punches,  Screen  Shakers,  Revolvins  Dumping  Riddles, 
Radial  Reamers.  Mold  Dryers,  Titus  Stoping  Drills,  Rathbone  Multiple  Moldmg 
Machines,  etc. 


RIVETERS 

SAND  SIFTERS 

MOLDING 

MACHINES 


WHITING  FOUNDRY  EQUIPMENT  CO 

HARVEY,  ILL. 
Have  complete  equipment  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  Foundry  Plants.     Buildings  designed  and  furnished;  equip- 
ment installed  and  operated. 
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FOUNDRY 

PLANT 

EQUIPMENT 


PUMPS  AND   HYDRAULIC  TURBINES 


PUMPS  AND  HYDRAULIC  TURBINES 


PUMPING 
MACHINERY 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  designed  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.     Literature  upon  request. 


TURBINE 
PUMPS 


ATLANTIC  HYDRAULIC  MACHINERY  CO.,   Inc. 
PHILADELPHIA,  PA. 

Our  Turbine  Pumps  are  light,  comparatively  low  priced,  constructed 
according  to  the  latest  designs,  highly  efficient.  We  guarantee  to  each 
customer  to  fill  his  individual  requirements  exactly . 


MARINE    PUMPS 

POWER    PUMPS 

FEED   WATER 
HEATERS 


THE  GEO.  F. 

115  Broadway,  NEW  YORK 


BLAKE  MFG.  CO. 

Works:  EAST  CAMBRIDGE,  MASS. 


Marine   Pumps,    Feed  Water    Heaters,    Steam  and    Power    Pumping 
Machinery  for  general  service. 


VENTURI 
METERS 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Venturi  Meters  measure  cold  water,  liot  water,  brine  and  chemicals.  They  are 
used  on  gravity  supplies  and  to  check  performance  of  centrifugal  and  reciprocating 
pumps.  Usual  sizes  from  2"  to  60".  Larger  sizes  in  use.  Full  set  of  bulletins  on 
request. 


PUMPS 

CONDENSERS 


M.   T.  DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  York:  154  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.     Surface  and  Jet  Con- 
densers. 


POWER  PUMPS 
STEAM  PUMPS 


THE  DEANE  STEAM  PUMP  CO. 

115  Broadway,  NEW  YORK  Works:  HOLYOKE,  MASS. 

Power  Pumping  Machinery,  General  Service  Steam  Pumps. 


PUMPS 
HYDRAULIC 
MACHINERY 


THE  GOULDS  MANUFACTURING  COMPANY 
SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  muni- 
cipal water-works.  Are  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed 
pumps,  chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and 
hand  pumps  of  every  kind. 
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PUMPS  AND   HYDRAULIC  TURBINES 


GOYNE  STEAM  PUMP  CO. 

ASHLAND,  PA. 

Manufacturers  of  Mining  Pumps  for  any  service  or  capacity.  Most  Engineers 
know  that  the  life  of  the  superior  mining  pump  is  from  two  to  four  times  that  of  the 
ordinary  on  tlie  same  service.  Wliy  then  let  a  ditterence  of  from  .?5  to  even  rM:i  in  first 
cost  determine  your  selection? 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Conneetions  ami  Complete  Power  Transmission, 
Water  Wheel  CTOvernors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hj'draulic  Presses.     Special  Machinery  to  order. 


MINING 
PUMPS 


WATER 
WHEELS 


THE  JEANESVILLE  IRON  WORKS  CO. 

HAZELTON,  PA. 

Builders  of  High-grade  Pumping  Machinery  Direct-acting,  Fly-wheel, 
and  Centrifugal  for  elevator,  mine  and  waterworks  service. 


KNOWLES  STEAM  PUMP  WORKS 

11,5  Broadway,  NEW  YORK         Works:  EAST  CAMBRIDGE,  MASS. 

Mine  Pumping  Machinery,  Vacuum  Pumps,  Underwriter  Fire  Pumps 
and  Power  Pumps. 


PUMPING 
MACHINERY 


MINE    PUMPS 

FIRE  PUMPS 

POWER  PUMPS 


THE   JOHN    H.    McGOWAN   CO. 

CINCINNATI,  OHIO 
Builders  of  all  types  of  Duplex,  Direct  Acting,  Water  Works  Pumping 
Engines;  Boiler  Feed,  General,  Low  and  special  service  Pumps,  Single  Du- 
plex and  Rotative  types.  Noiseless  Back  Pressure  Valves  and  other  specialties. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Boilers. 


PUMPING 

ENGINES 

PUMPS 

VALVES 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 

BOILERS 


WILLIAM  E.   QUIMBY,   INC. 

548-50  West  23d  St.  NEW  YORK 

Manufacturers  of  the  Quimby  Screw  Pump  and  Quimby  Electric 
Sump  Pump.  Also  General  Machinists.  Shops  equipped  with  large  and 
accurate  tools. 


RISDON-ALCOTT  TURBINE  CO. 

MT.  HOLLY,  N.  J. 

Manufacturers  of  Risdon  Cylinder  Gate  Turbine,  Risdon  Register  Gate 
Turbine,  Alcott  High  Duty  Turbine,  Leviathan  Hinged  Gate  Turbine. 
Successors  to  T.  H.  Risdon  &  Co.,  and  T.  C.  Alcott  &  Son. 
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PUMPS 


TURBINES 


PUMPS  AND   HYDRAULIC  TURBINES 


TURBINE 
WATER 
WHEELS 


PUMPING 
ENGINES 

PRESSURE 
PUMPS 

GAS 
ENGINES 


S.  MORGAN  SMITH  CO. 

YORK,  PA. 
Manufacturers  of  Turbine  Water  Wheels,  Cylinder  and  Wicket  Gate, 
suitable  for  operating- all  kinds  of  machinery.     We  design   and  build  Tur- 
bines to  meet  specific  requirements. 


THE  SNOW  STEAM  PUMP  WORKS 

115  Broadway,  NEW  YORK  Works:  BUFFALO,  N.  Y. 

Water  Works  Pumping  Engines,  Oil  Line  Pressure  Pumps,  Gas  Engines. 


PUMPS 

CONDENSERS 

WATER 

METERS 

WATER  WORKS 

PUMPING 

ENGINES 


HENRY  R.   WORTHINGTON 

11.5  Broadway,  NEW  YORK  Works:  HARRISON,  N.  J. 

Steam  Pumping  Machinery  for  every  service.     Jet,  Surface  and  Bar- 
ometric Condensers.     Water  Meters  and  Water  Works  Pumping  Engines. 


BLOWERS,   FANS,   DRYERS,   ETC. 


EXETER   MACHINE   WORKS 


EXETER,  N.  H. 


BLOWERS 

^'^'^^  '  Manufacturers  of  Exeter  Pressure  Blowers  and  Fan  Blowers;  Exeter  Exhausters 

EXHAUSTERS    ;  for  Wood;  Exeter  Ventilator  Wheels;  Large  Exeter  Fans  and  Exhausters  for  Heatinjr. 

I  V'entilating,  Forced  and  Induced  Draft.    Catalogue  gives  details. 


DRYERS 


FANS 

BLOWERS 

ECONOMIZERS 

ENGINES 


RUGGLES  COLES  ENGINEERING  CO. 

Old  Colony  Bldi^.,  CHICAGO  Hudsox  Terminal,   NEW  YORK 

Dryers.      Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


B.  F.   STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to    force   or    exhaust  air  under   all  conditions. 
Largest  standard  line  of  "ready  to  deliver"'  Fans  in  the  world  and  special 
work  done  where  necessary.     Consulting  representatives  in  or  near  your  city. 


TURBINE 

BLOWER 

SYSTEM    OF 

MECHANICAL 

DRAFT 


L.   J.   WING  MFG.   CO. 

90  West  St.  NEW  YORK 

Wing's  Turbine  Blower  system  of   Mechanical    Draft    is   the    modern 

method  of  burning  cheap  fuel  "and  increasing  boiler  capacity.     Draft  always 

the  same;  uniform  steam  pressure;  requires  no  floor  space;  easily  installed. 
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HOISTING  AND   CONVEYING   MACHINERY 


HOISTING  AND   CONVEYING    MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 

Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


THE  ALVEY-FERGUSON  CO. 

577  Hudson  Terminal  Bldg.,  NEW  YORK       Main  office  and  factory,  LOUISVILLE,  KY. 

Manufacturers  of  A-F  Gravity  Conveyors,  A-F  Power  Conveyors,  A-F 
Belt  Conveyors,  etc.  Conveyors  of  every  description  to  suit  all  require- 
ments. 


CRANES 

STEAM 

HAMMERS 

PUNCHES 

AND 

SHEARS 


CONVEYORS 


ALFRED  BOX  .^  COMPANY 

PHILADELPHIA,    PA. 
Builders  of  Box's  Double  Screw    Chain   Hoists,   Trolley    Hoists   and 
Electric  Hoists;  Jib  and  Traveling  Cranes,  Electric  or  Hand  Power,  up  to 
100  tons  capacity. 


HOISTS 
CRANES 


H.  W.   CALDWELL  .^  SON  CO. 

17th  Street  and  Western  A'e.  CHICAGO,  ILL. 

Conveyors:  helicold  screw,  link  belt,  wire  cable,  troughed  belt,  platform. 

Elevators:  link   belt,  flat  belt  and  bucket,  package,  steel  elevator  casings. 

Power  Transmission:  shafting  and  fittings,  gears,  pulleys  and  band  wheels. 


THE  CLEVELAND  CRANE  &  ENGINEERING  CO. 

WICKLIFFE,  OHIO 
Designers   and   manufacturers    of  all    kinds    of  Cranes. 


CONVEYORS 
ELEVATORS 

POWER 
TRANSMISSION 


CRANES 


DARLEY  ENGINEERING  COMPANY 

Singer  Building,  NEW  YORK 

Our  Suction  Conveyor  is  the  best  yet  devised  for  handling  Ashes.  It 
is  dustless,  noiseless  and  efficient.  It  is  also  a  first-class  Conveyor  for 
handling  other  of  the  lighter  materials. 


SUCTION 
CONVEYORS 


THE  J.  M.  DODGE  COMPANY 

NICETOWN,  PHILA.,  PA. 

Contracting-Engineers.  "The  Dodge  System"  of  coal  storage,  Bridge  Tramways, 
Telphers,  Locomotive  Cranes,  Revolving  Cranes,  I.,ocomotive-Coaling  Shitions,  Hoisting 
Towers,  Direct  Unloaders,  Car  Dumpers,  Steel  and  Concrete  Structures. 


COAL 

STORAGE 

CONVEYING 

MACHINERY 
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HOISTING  AND  CONVEYING   MACHINERY 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passeng^er  and  Freight  Ele- 


vators,   Hoisting-    Machines,   Friction  Winding 
and  Friction  Clutch  Pulleys. 


Drums,   Friction    Clutches 


ELECTRIC 
LIFTING 
MAGNETS 


ELECTRIC   CONTROLLER   &   MFG.    CO. 

CLEVELAND,  OHIO 

Electric  Lifting  Magnets,  Electric  Motor  Starters,  Controllers,  Brakes, 
Flexible  Couplings,  Solenoids,  Electric  Arc  Welders. 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


WIRE  ROPE 

AerialWire  Rope 
TRAMWAYS 


A.   LESCHEN  k  SONS  ROPE  CO. 

ST.  LOUIS,  MO. 
New  York  Chicago  Denver  Seattle 

Producing  Wire  Rope  of  qualities  and  constructions  adapted  to  every  condition 
of  wire  rope  serTice,  including  the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  Constructions.  Systems  of  Aerial  Wire  Rope  Tramways  for  the 
economical  transportation  of  any  material. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFER 


LIDGERAYOOD  MFG.   CO. 

9«  Liberty  St.  NEW  YORK 

Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner, 
warehouseman,  railroads,  ship  owners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists, 
Cableways  for  hoisting  and  conveying,  Marine  Transfer  for  coal  and  cargo  handling. 


ELEVATORS 

AND 
CONVEYORS 


ELEVATING 
CONVEYING 

POWER 

TRANSMITTING 

MACHINERY 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators   and    Conveyors  for  every  purpose;    all  accessories;    Power 
Transmission  Machinery. 


LINK  CHAIN  BELT  CO. 


52  Dey  St. 


NEW  YORK 


Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery;  Ele- 
vator and  Belt  Conveyor  Appliances:  Mill  and  Milling  Supplies  and  Elevator  Buckets; 
Standard  Spiral  Conveyors;  Silent  Chain  Drives  and  all  Standard  Chain  Belts.  Makers 
of  the  Clouscr  Detachable  High  Speed  Link  Chain  Belt. 


CRANES 


THE   MORGAN   ENGINEERING    CO. 

ALLIANCE,  OHIO 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 
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HOISTING  AND   CONVEYING   MACHINERY 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 

We  make  Cranes  of  all  types  up  to  1,>0  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service. 


CRANES 
HOISTS 


THE   OHIO   ELEVATOR  &   MACHINE  CO. 

COLUMBUS,  O. 

High  class  Elevators  for  every  service.  Electric,  Hydraulic,  Belt  and 
Hand  Power,  and  Freight  Elevators.  Estimates  and  prehminary  plans 
furnished  on  request. 


ELEVATORS 


ROBINS  NEW  CONVEYOR  COMPANY 


CHICAGO,  Old  Colony  Building 
C.  Kemble  Baldwin,  Chief  Engineer 

Belt  Conveyors.  Robins    genuine    Balata  Belting,   Robins    Laminated  Leather 
Belting,  Robins  New  Conveyor  Belts  of  Rubber  and  Balata. 


NEW  YORK,  72  Front  St. 
Thos.  Robins,  President 


BELT 
CONVEYORS 

CONVEYOR 
BELTS 

BALATA 
BELTING 


JOHN  A.  ROEBLINGS  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel   and    Copper  Wire    Rope,  and   Wire  of 
every  description. 


WIRE   ROPE 


SHAW  ELECTRIC  CRANE 

MUSKEGON,  MICH. 


CO. 


Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.     Rail- 
road Wrecking  Cranes.     Electric  Motor  Controllers. 


CRANES 
CONTROLLERS 


WEBSTER  MFG.   CO. 


2410-2432  W.  1.5th  St.,  CHICAGO.  ILL.  Eastern  Branch:  88-90  Reade  St.,  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing  give  us  large  advantages.  Belt  Conveyors  for  handling  cement,  ores, 
sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings. 
Chain  Belting.    Gearing. 


ELEVATING 

CONVEYING 

POWER 

TRANSMITTING 

MACHINERY 


YALE   &   TOWNE   MFG.    CO. 

NEW  YORK 

The  Triplex  Block 
to  30  tons;    Electric 


THE 

9  Mr R RAY  St. 

Makers  of  the  Triplex  Block  and  Electric  Hoists. 


is  made  in  14  sizes,  with  a  lifting  capacity  of  from 
Hoist  in  10  sizes,  |  to  16  tons. 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  ,58,5.  Power  Losses  in  Transmission  Machinery  of  Central  Stations: 
Aldrich,  price  •*!. -20;  No.  SOH.  Power  Transmission  by  Belt:  F.  L.  Emory, 
price  .'j;.  10;  No.  1180.  Power  Transmission  by  Friction  Drives:  W.  F.  M. 
Goss,  price  $.20;  Paper  on  Belting:  C.  G.  Barth,  price  $.30. 
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PAPERS 

ON 

POWER 

TRANSMISSION 


POWER  TRANSMISSION 


POWER  TRANSMISSION 


PULLEYS 


THE   AMERICAN   PULLEY 

PHILADELPHIA,  PA. 


CO. 


The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  anv  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light, 
true  and  amply  strong  for  double  belts.    120  stocks  carried  in  the  United  States. 


FRICTION 
CLUTCH 


THE  CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 
The  Johnson  Friction  Clutch  for  feed  and  speed  changes  on  Machine 
Tools  is  the  most  compact  Clutch  on  the  market  for  the  power  it  will  trans- 
mit.    Our  catalog  "G"  should  be  on  every  machine  tool  designer's  desk. 


CHAIN 
DRIVE 


POWER 

TRANSMISSION 


POWER 
TRANSMISSION 


CORK   INSERT 

FRICTION 
SURFACES 


PULLEYS 


DIAMOND  CHAIN  S^  MANUFACTURING  CO. 

259  West  Georgia  St.  INDIANAPOLIS,  IND. 

Diamond  Chains  are  more  durable  than  the  best  belts.  If  5'our 
short  transmissions  are  giving  trouble,  our  engineering  department  will  ad- 
vise you  free  of  charge. 


DODCiE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Everything   for  the  Mechanical   Transmission  of  Power.       Plans  and 
estimates  furnished  on  complete  mill  and  factory  equipments. 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission   Machinery 
for  belt,  rope   or  gear   driving,  including  the  well   known    Hill    Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


NATIONAL  BRAKE  e^  CLUTCH  COMPANY 

16  State  Street,  BOSTON,   MASS. 

We  license  others  to  manufacture,  use  or  sell  Cork  Insert  Pulleys.  Clutches  and 
Brakes.  They  increase  efficiency  50  to  100%,  and  are  used  in  automobile,  shafting  and 
machinery  clutches  and  in  motor,  shafting  and  machinery  pulleys.  Send  for  pam- 
phlets showing  fifty  applications. 


ONEIDA  STP:EL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126"  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
to  8+".     Let  us  send  you  our  booklet  illustrating  all  styles. 
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POWER  TRANSMISSION 


POOLE  ENGINEERING  &  MACHINE  CO. 

WOODBERRY,  BALTIMORE,  MD. 

Manufacturers  and  Desifrners  of  all  kinds  of  Heavy  Machinery,  requiring  flrat- 
class  workmanship  and  materials.  Band,  Rope,  and  Fly  Wheels,  Friction  Clutches. 
Shafting,  Pulleys  and  Hangers.  Machine  Molded  and  Planed  Gearing.  Poole-Leffel 
Turbine  Water-VVheels.     "White  Lead  and  Oil  Machinery. 


Power 
Transmission 
Water  Wheels 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 


Friction 
Transmission 


papp:rs  from  transactions  of  a.  s.  m.  e. 

No.  ■iiX  Testing  of  Water  Wheels:  R.  H.  Thurston,  price  1.50;  No.  483.  A  Problem 
in  Water  Power:  John  Richards,  price  $.10:  No.  1042.  Potential  Efficiency  of  Prime 
Movers:  C.  V.  Kern,  price  $.20:  No.  10.17.  Computation  of  Values  of  Water  Powers:  C. 
T.  Main,  price  $.20;  No.  1107.  Efficiency  Tests  of  Turbine  Water  Wheels:  W.  O.  Webber, 
price  $.30. 


PAPERS 

ON 
WATER 
WHEELS 


ELECTRICAL  APPARATUS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  equipped  machines  of  all  kinds  with 
its  motors.      For  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 


ELECTRIC 
DRIVE 


RELIANCE  ELECTRIC  &  ENGINEERING  CO 
CLEVELAND,  OHIO 

Our  specialty  is  Machine  Shop  Drives.  W^e  will  design  all  parts  for  the  conver- 
sion of  your  belt  driven  machines  into  motor  drive.  Manufacturers  of  the  Lincoln 
Variable  Speed  Motor.     Also  a  complete  line  of  D.C.  and  A.C.  Constant  Speed  Motors. 


ELECTRIC 
MOTORS 


WAGNER  ELECTRIC  MFG. 

ST.  LOUIS,  MO. 


COMPANY 


Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power 
and  Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  poly- 
phase generators  and  motors  the  market  affords.  Manufacturers  of  the  most  compre- 
hensive line  of  switchboard  mikI  portable  instruments  otfered  to-day. 


DYNAMOS 
MOTORS 

Transformers 
Instruments 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.  E. 

No.  472.  Electric  Power  Distribution:  H.  C.  Spaulding,  price  $.20;  No.  485.  The 
Electric  Railway  as  applied  to  Steam  Roads:  B.  J.  Dashiell,  Jr.,  price  $.10;  No.  845. 
The  Mechanical  Equipment  of  the  New  South  Station:  W.  C.  Kerr,  price  $1.00;  No. 
1043.    Middlesborough  Dock  Electric  and  Hydraulic  Power  Plant:  V.  L.  Raven,  price  $.30. 
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ENGINEERING  MISCELLANY 


ENGINEERING  MISCELLANY 


Air 
Conditioning 


CARRIER  AIR  CONDITIONING  CO. 

39   CORTLANDT   St.  NEW  YORK 

The  Carrier  Air  Washer  and  Humidifier  is  a  simple  and  positive  system 
of  Air  Conditioning-,  including  washing,  purifying,  humidifying,  dehumid- 
ifying,  cooling,  tempering. 


UNIVERSAL 

CAST  IRON 

PIPE 


BALL 
BEARINGS 


CENTRAL  FOUNDRY 

37  Wall  St. 


COMPANY 

NEW  YORK 


Universal  Cast  Iron  Pipe  is  permanently  unequaled  for  gas,  water,  air 
or  steam  lines.      See  descriptive  advertisement  on  page  No.  23. 


CHAPMAN    BALL   BEARING   CO. 

40  Bristol  St.  BOSTON,  MASS. 

Chapman  Double  Ball  Bearings  eliminate  line  shaft  friction  and  there- 
fore save  power.  May  be  applied  to  special  machines  of  all  descriptions  as 
well.     Lubrication  reduced  to  a  minimum.     Send  for  catalog. 


ICE  AND 

REFRIGERATING 

MACHINERY 


FRICK  COMPANY 

WAYNESBORO,  PA. 
Manufacturers  and  builders  of  "Eclipse"  Ice-making  and  Refrigerating 
Machinery.     Complete  equipments  for  ice  factories,  cold  storage   houses, 
breweries,  packing  houses,  hotels,  etc.     Red  book  "M''  on  request. 


ROLLER 
BEARINGS 


HYATT  ROLLER  BEARING  CO. 

NEWARK,  N.  J.  DETROIT,  MICH. 

Makers  of  Better  Bearings  in  standard  sizes  for  every  wheel  or  shaft 

which  turns,  consisting  of  hollow,  helical  coils  which  are  rigid  but  flexible,  do 

not  overheat,  save  oil,  and  reduce  friction  from  40  to  6,5  per  cent.     Write. 


HIGH 

PRESSURE 

PIPING 

RADIAL  BRICK 

CHIMNEYS 


THE  M.   W.   KELLOGiG  CO. 

50  Church  St.  NEW  YORK 

Design,  manufacture  and  install  all  types  of  High  Pressure  Piping. 
Welded  Flanges,  \'an  Stone  Flanges  and  Welded  Nozzles  a  specialty. 
Manufacturers  of  Radial  Brick  Chimneys. 


PAPERS 

ON 

ENGINES    AND 

BOILERS 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.    M.   E. 

No.  8-27.  Standard  Method  of  Conducting  Steam  Boiler  Trials,  price 
$.60;  No.  8-28.  Discussion  on  No.  827,  price  .$.20;  No.  973.  Standard 
Method  of  Testing  Engines,  price  $.60;  No.  974.  Discussion  on  No.  973. 
price  $.40. 
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THE  ANNUAL  MEETING 

The  thirtieth  annual  meeting  of  the  Society  will  l:>e  held  in  the 
Engineering  Societies  Building,  29  West  39th  St.,  New  York,  Decem- 
ber 7  to  10. 

The  Meetings  Committee,  Mr.  Willis  E.  Hall,  Chairman,  having 
entire  charge  of  the  professional  program  and  the  arrangement  of 
professional  sessions,  has  provided  a  list  of  strong  papers  upon  varied 
subjects;  a  preliminary  program,  subject  to  revision,  being  pub- 
lished in  the  following  pages. 

For  the  first  time  at  an  annual  convention  of  the  Society  the  entire 
social  entertainment  will  be  in  charge  of  the  members  resident  in  and 
about  New  York,  under  the  immediate  direction  of  a  local  committee 
appointed  by  them,  of  which  Mr.  William  D.  Hoxie  is  chairman. 
For  Wednesday  afternoon  of  the  convention  an  excursion  is  planned 
which  the  members  and  guests  will  be  asked  to  attend  in  a  body,  and 
during  the  balance  of  the  time  there  will  be  opportunities  for  smaller 
parties  to  visit  places  of  interest.  Full  announcement  of  the  enter- 
tainment features,  which  form  so  important  a  part  of  these  meetings, 
will  be  made  in  the  next  number  of  The  Journal. 

It  is  not  possible  for  the  Secretary  to  undertake  to  reserve  hotel 
accommodations  for  visiting  members.  They  are  recommended  to 
communicate  directly  with  the  hotel  at  which  they  wish  to  stop. 


PRELIMINARY  PROGRAM  FOR  THE  ANNUAL  MEETING* 

OPENING  SESSION 
Tuesday,  December  7,  8.15  'p.m.,  Main  Auditorium 

The  President's  Address 
Report  of  tellers  of  election  of  officers 
Introduction  of  new  president 

The  reading  of  the  President's  address  will  be  followed  by  a  social 
gathering  at  which  ladies  will  be  especially  welcome. 

BUSINESS  MEETING 

Wednesday,  December  8,  9.30  a.m.  Main  Auditorium 

Annual  business  meeting.  Reports  of  the  Council,  tellers  of  elec- 
tion of  membership,  standing  and  special  committees  and  Gas  Power 
Section.  Amendments  to  the  Constitution.  New  business  may  be 
presented  at  this  session. 

Luncheon  will  be  served  to  members  and  guests  at  1.  p.m.  on  the 
fifth  floor  of  the  building.  The  afternoon  of  this  day  will  be  left  free 
for  members  and  guests  to  go  on  an  excursion  planned  by  the  Excur- 
sion Committee. 

PROFESSIONAL  SESSION 
Wednesday,  8.15  'p.m.,  Main  Auditorium 
(To  be  assigned) 

PROFESSIONAL  SESSIONS 
Thursday,  December  9,  9.30  a.m.  Main  Auditorium 

MEASUREMENT  OF  THE  FLOW  OF  FLUIDS 

Tests  on  A  Venturi  Meter  for  Boiler  Feed  by  Chas.  M.  Allen 
The  Pitot  Tube  as  A  Steam  Meter,  Geo.  F.  Gebhardt 

'  Subject  to  Revision. 

All  professional  meetings  of  the  Society  will  be  called  to  order  at  the  time 
specified  on  the  program. 
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Efficiency  Tests  of  Steam  Nozzles,  F.  H.  Sibley  and  T.  S. 
Kemble 

An  Electric  Gas  Meter,  C.  C.  Thomas 

Luncheon  will  be  served  to  members  and  guests  on  the  fifth  floor 
of  the  building  at  1  p.m. 

Thursday,    2  'p.m.,  Main  Auditorium 

STEAM    engineering 

Tan  Bark  as  a  Boiler  Fuel,  David  M.  Myers 

Cooling  Towers  for  Steam  and  Gas  Power  Plants,  J.  R. 
Bibbins 

Some  Studies  in  Rolling  Mill  Engines,  W.  P.  Caine 
.    An  Experience  with  Leaky  Vertical  Fire  Tube  Boilers,  F. 
W.  Dean 

The  Best  Form  of  Longitudinal  Joint  for  Boilers,  F.  W. 
Dean 

Thursday,  2  p.m.,  Auditorium,  6th  floor 

simultaneous  session 

Gas  Power  Section 

Business  meeting  and  election  of  officers. 

Testing  Suction  Gas  Producers  With  A  Koerting  Ejector, 
C.  M.  Garland,  A.  P.  Kratz 

(Subjects  of  other  papers  to  be  announced) 

RECEPTION 

Thursday,   9   p.m. 

This  will  be  the  social  event  of  the  meeting  in  which  members 
and  guests  and  especially  the  ladies  are  invited  to  participate.  Cards 
of  admission  will  be  required,  which  can  be  obtained  from  the  Local 
Committee  at  the  registration  desk. 

PROFESSIONAL  SESSION 
Friday,  DecemberlO,  9.30  a.m.,  6th  floor 

The  Bucyrus  Locomotive  Pile  Driver,  Walter  Ferris 
Line-Shaft  Efficiency,  Mechanical  and  Economic,  Henry  Hess 
Pump  Valves  and  Valve  Areas,  A.  F.  Nagle 
A  Report  on  Cast-Iron  Test  Bars,  A.  F.  Nagle 
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RAILROAD  TRANSPORTATION  NOTICE 

For  members  and  guests  attending  the  Annual  Meeting  in  New 
York,  December  7-10,  1909,  the  special  rate  of  a  fare  and  three-fifths 
for  the  round  trip,  on  the  certificate  plan,  is  granted  when  the  regular 
fare  is  75  cents  and  upwards,  from  territory  specified  below. 

a  Buy  your  ticket  at  full  fare  for  the  going  journey,  between 
December  3  and  9  inclusive,  and  get  a  certificate,  not  a 
receipt,  securing  these  at  least  half  an  hour  before  the 
departure  of  the  train. 

b  Certificates  are  not  kept  at  all  stations.  If  your  station 
agent  has  not  certificates  and  through  tickets,  he  will 
tell  you  the  nearest  station  where  they  can  be  obtained, 
.  Buy  a  local  ticket  to  that  point  and  there  get  your  cer- 
tificate and  through  ticket. 

c  On  arrival,  present  your  certificate  to  S.  Edgar  Whitaker 
at  headquarters,  with  25  cents  for  validation.  A  certi- 
ficate cannot  be  validated  after  December  10. 

d  An  agent  of  the  Trunk  Line  Association  will  validate  certifi- 
cates December  8,  9  and  10.  No  refund  will  be  made  on 
account  of  failure  to  have  certificate  validated. 

e  One  hundred  certificates  must  be  presented  for  validation 
before  the  plan  is  operative.  This  makes  it  important  to 
ask  for  certificate,  and  to  turn  it  in  at  headquarters. 
Even  though  you  may  not  use  it  this  will  help  others  to 
secure  the  reduced  rate. 

/  If  certificate  is  validated,  a  return  ticket  to  destination  can 
be  purchased,  up  to  December  14,  on  the  same  route  over 
which  the  purchaser  came,  at  three-fifths  the  rate. 

This  special  rate  is  granted  only  for  the  following: 

Trunk  Line  Association: 

All  of  New  York  east  of  a  line  running  from  Buffalo  lo  Salamanca,  all  of 
Pennsylvania  east  of  the  Ohio  River,  all  of  New  Jersey,  Delaware  and 
Maryland;  also  that  portion  of  West  Virginia  and  Virginia  north  of  a  line 
running  through  Huntington,  Charleston,  White  Sulphur  Springs,  Char- 
lotteville,  and  Washington,  D.  C. 

Central  Passenger  Association: 

The  portion  of  Illinois  south  of  a  line  from  Chicago  through  Peoria  to  Keokuk 
and  east  of  the  Mississippi  River,  the  States  of  Indiana,  and  Ohio,  the 
portion  of  Pennsylvania  and  New  York  north  and  west  of  the  Ohio  River, 
Salamanca  and  Buffalo,  and  that  portion  of  Michigan  between  Lakes 
Michigan  and  Huron. 
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New  England  Passenger  Association,  except  via  Bangor  and 
Aroostook  R.  R.,  Rutland  R.  R.,  N.  Y.  0.  &  W.  R.  R.,  Eastern 
Steamship  Co.  and  Metropolitan  Steamship  Co. 

Maine,  New  Hampshire,  Vermont,  Massachusetts,  Rhode  Island  and  Con- 
necticut. 

The  Western  Passenger  Association  offer  revised  one-way  fares 
to  Chicago,  Peoria  and  St.  Louis;  these  three  places  are  points  in  the 
Central  Passenger  Association,  and  from  these  points  purchase  round 
trip  tickets,  in  the  manner  outlined  in  the  preceding  paragraphs: 

North  Dakota,  South  Dakota,  Nebraska,  Kansas,  Colorado,  east  of  a  north 
and  south  line  through  Denver,  Iowa,  Minnesota,  Wisconsin,  Missouri; 
north  of  a  line  through  Kansas,  Jefferson  City  and  St.  Louis,  Illinois; 
north  of  a  line  from  Chicago  through  Peoria  to  Keokuk. 

Eastern  Canadian  Passenger  Association: 

Canadian  territory  east  of  and  including  Port  Arthur,  Sault  Ste.  Marie, 
Sarnia  and  Windsor,  Ont. 


IMPROVEMENTS  IN  THE  ROOMS  OF  THE  SOCIETY 

The  headquarters  of  the  Society  have  recentty  been  made  more 
attractive  than  ever  before  by  appropriate  additions  to  the  furnish- 
ings and  by  rearrangement  of  the  rooms.  When  the  Society  entered 
the  new  headquarters  nearly  three  years  ago,  provisional  furnishings 
were  purchased  comprising  only  what  was  essential  to  carrying  on  the 
business  of  the  Society  with  no  attempt  at  decorative  features.  The 
members  will  be  pleased  to  find  the  rooms  as  homelike  as  can  be 
desired  and  convenient  in  every  way  as  a  rendezvous  for  the  members 
and  their  friends. 

During  the  past  year  the  Council  authorized  these  improvements 
and  the  work  is  being  carried  out  under  the  direction  of  the  House 
Committee,  consisting  of  Henr}^  S.  Loud,  Chairman,  W.  C.  Dicker- 
man,  Bernard  V.  Swenson,  Francis  Blossom  and  Edward  Van  Winkle. 
The  original  plans  of  the  rooms  provided  for  a  large  reception  hall, 
with  an  attractive  alcove,  which  visitors  enter  from  the  elevators. 
In  common  with  the  other  floors  of  the  building  this  hall  was  open 
to  the  stairway  connecting  the  several  floors.  A  partition  cutting 
off  this  stairway  and  another  partition  separating  the  offices  at  the 
rear,  has  converted  this  hall  into  a  reception  room  which  is  not  only 
pleasing  in  appearance  but  thoroughly  comfortable. 

Wide  sliding  doors  connect  the  three  main  rooms,  known  as  the 
Council  Room,  the  Library  and  the  Secretary's  office,  which,  usually 
remaining  open,  give  the  effect  of  one  spacious  room. 

The  floors  of  the  Reception  Room,  the  Council  Room  and  the  Library 
have  been  covered  with  handsome  rugs  and  the  walls  tinted  in  har- 
mony with  them.  Comfortable  upholstered  furniture  has  been  placed 
in  the  Reception  Room  and  cushions  on  the  seats  in  the  alcove.  Im- 
provements now  being  carried  out  will  include  portieres  between  the 
rooms,  draperies  at  the  windows  and  comfortable  divans  and  chairs 
in  the  Council  Room  and  Library,  and  shelves  in  the  Library  for 
books  which  will  furnish  a  pleasant  half  hour  while  waiting  •for  a 
friend. 

In  undertaking  this  work  the  House  Committee  has  endeavored 
so  to  completethe  furnishing  as  to  make  the  already  beautiful  rooms 
of  the  Society  so  homelike  as  to  form  a  constant  reminder  to  the  mem- 
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bership  of  the  pleasant  rooms  at  the  former  home  of  the  Society  at 
12  West  31st  Street,  and  to  make  a  place  which  members  will  use 
freely  for  their  own  convenience,  and  in  meeting  other  members  or 
friends  for  social  or  business  engagements.  In  addition  to  the  three 
large  rooms  referred  to  a  small  room  is  especially  reserved  for  mem- 
bers of  the  Society,  where  they  may  have  quiet  to  attend  to  their  cor- 
respondence or  to  hold  conferences  in  private. 

Fine  art  photographs  of  the  past-presidents  have  been  placed  on 
the  walls  of  the  Library  and  by  order  of  the  Council  a  similar  photo- 
graph of  each  succeeding  president  will  be  added  as  he  retires  from 
office. 

An  improvement  which  will  be  greatly  appreciated  by  the  mem- 
bership is  the  placing  of  a  name-plate  on  each  of  the  portraits,  paint- 
ings and  other  historical  objects  in  the  rooms  of  the  Society.  A  very 
complete  catalogue  of  all  of  these  objects  of  historical  interest  has 
been  carefully  prepared  after  long  and  painstaking  research  by  Ed- 
ward Van  Winkle  of  the  House  Committee.  The  members  will  find 
much  of  interest  in  this  work  which  will  be  open  to  them  in  the  Library. 

It  is  hoped  that  all  members  of  the  Society  when  they  are  in  New 
York  will  make  a  special  effort  to  come  to  the  rooms  and  make  use 
of  the  comforts  and  conveniences  which  have  been  provided  for  them. 


GENEKAL  NOTES 

BROOKLYN   POLYTECHNIC  STUDENT  SECTION,    AM.SOC.M.G. 

At  the  annual  meeting  of  the  Brooklyn  Polytechnic  Student  Sec- 
tion affiliated  with  The  American  Society  of  Mechanical  Engineers, 
held  October  16,  Chairman  J.  M.  Russell,  presiding,  the  following 
officers  were  elected:  John  S.  Kerins,  chairman;  Russell  C.  Brown, 
vice-chairman;  Percy  Gianella,  secretary;  Wilbur  N.  Sar  Vant, 
treasurer.  The  committee  on  admissions  reported  a  membership  of 
107.  The  address  of  the  evening  was  on  Industrial  Engineering,  its 
Province,  Limitations,  Ideals,  by  Charles  Buxton  Going. 

PURDUE    MECHANICAL    ENGINEERING    SOCIETY 

Meetings  of  Purdue  Mechanical  Engineering  Society,  of  Purdue 
University,  Lafayette,  Ind.,  affiliated  with  The  American  Society  of 
Mechanical  Engineers,  were  held  upon  October  6  and  20,  with 
addresses  by  Prof.  J.  D.  Hoffman,  on  The  Manufacture  of  Paper  from 
Wood  Pulp;  and  Mr.  Fenstermaker  of  the  American  Engineering 
Supply  Co.  of  Indianapolis,  on  The  Application  of  the  Vacuum  System 
of  Heating  to  Old  Factory  Plants. 

AMERICAN   STREET   RAILWAY    ASSOCIATION 

The  annual  meeting  of  the  American  Street  Railway  Association 
took  place  this  year  at  Denver,  Colo.,  October  4  to  8.  Excursion 
trains  were  run  from  points  East  and  West,  and  the  attendance  was 
over  2500  members  and  guests.  The  sessions  were  held  in  a  large 
auditorium  built  for  the  purpose,  with  rooms  for  the  various  sectional 
meetings  and  for  an  exhibit  of  machinery,  equipment  and  supplies. 
The  convention  was  opened  after  an  address  of  welcome  by  Wm.  G. 
Evans,  president  of  the  Denver  City  Tramway  Company,  by  the 
presidential  address  of  James  F.  Shaw,  which  rehearsed  street  railway 
conditions  for  the  year.  Organization  from  the  Standpoint  of  Smaller 
Companies  was  the  title  of  an  important  paper  by  Ernest  Gonzenbach, 
president  of  the  Cheboygan  Company.  With  the  exception  of  the 
secretary,   Bernard  V.   Swenson,   Mem.Am.Soc.M.E.,   resigned,   the 
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retiring  officers  were  re-elected.     A  secretary  will  be  appointed  by  the 
president. 

The  auxiliary  organizations  of  the  association,  which  held  executive 
sessions  simultaneously  with  the  parent  society,  were  the  Traffic 
and  Transportation  Association,  the  Accountants'  Association,  the 
Claim  Agents'  Association,  and  the  American  Street  and  Interurban 
Railway  Engineering  Association.  At  the  sessions  of  the  latter,  the 
annual  address  was  made  by  Paul  Winsor.  Officers  of  the  American 
Street  and  Interurban  Railway  Engineering  Association  were  elected 
as  follows:  president,  F.  H.  Lincoln,  Philadelphia,  Pa.,  vice-presidents, 
W.  J.  Harvie,  Syracuse,  N.  Y.,  E.  0.  Ackerman,  Columbus,  0.,  J.  S. 
Doyle,  New  York,  J.  W.  Corning,  Boston,  Mass. 

AMERICAN   ASSOCIATION   OF   RAILROAT)  SUPERINTENDENTS 

The  Central  Association  of  Railroad  Officers  at  their  twenty-second 
annual  meeting,  held  at  Cincinnati,  0.,  September  22  and  23,  adopted 
a  new  constitution,  which  it  is  felt  will  broaden  the  scope  of  the  organi- 
zation. The  name  is  changed  to  the  American  Association  of  Rail- 
road Superintendents.  The  organization  now  has  divisions  at  the 
following  points:  Cincinnati,  O.;  Indianapolis,  Ind.;  Columbus,  O.; 
Toledo,  0.;  Peoria,  III;  St.  Louis,  Mo.;  Kansas  City,  Mo.;  Louisville, 
Ky.;  Detroit,  Mich.;  Denver,  Colo.;  Omaha,  Neb.;  Memphis,  Tenn. 

The  following  officers  were  elected:  president,  J.  A.  Somerville; 
vice-presidents.  Brent  Arnold,  S.  M.  Russell;  secretary-treasurer,  0. 
G.  Fetter. 

NATIONAL    MACHINE    TOOL    BUILDERS'    ASSOCIATION 

The  eighth  annual  convention  of  the  National  Machine  Tool 
Builders'  Association  was  held  in  New  York  October  12  and  13,  with 
headquarters  at  the  Hotel  Astor.  The  attendance  at  the  opening 
session  was  larger  than  ever  before.  The  annual  presidential  address 
was  made  at  this  session  by  Fred.  L.  Eberhardt,  of  Newark,  N.  J., 
Mem.Am.Soc.M.E.  There  was  discussion  on  The  Standardization  of 
Electric  Motors  used  in  Connection  with  Machine  Tool  Drive;  and 
on  The  Creation  of  Machinists,  introduced  by  a  paper.  Papers  on 
Industrial  Education  were  also  submitted  by  Frederick  A.  Geier,  of 
the  Cincinnati  Milling  Machine  Company,  Mem.Am.Soc.M.E.,  and 
M.  A.  Coolidge,  who  dealt  with  the  Fitchburg  plan.  A  lecture  entitled 
The  Perils  of  Peace,  or  A  Safer  America,  was  delivered  by  J.  P.  H. 
Perry,  of  New  York. 


12  SOCIETY    AFFAIRS 

The  election  of  officers  resulted  as  follows:  president,  F.  A.  Geier, 
Mem.Am.Soc.M.E.;  vice-presidents,  F.  L.  Eberhardt,  Mem.Am.Soc. 
M.E.,  the  retiring  president,  P.  E.  Montanus,  Springfield,  O.,  the 
retiring  secretary;  secretary,  C.  Hildreth,  Worcester,  Mass.;  treasurer, 
G.  W.  Fifield,  Lowell,  Mass.  The  Spring  meeting  of  the  association 
will  be  held  at  Rochester,  N.  Y. 

Many  members  of  the  association  were  entertained  at  a  theater 
party  given  by  The  American  Machinist;  and  on  the  annual  outing 
of  Machinery,  to  Fort  Hancock  and  the  Sandy  Hook  Proving  Grounds. 

RAILWAY   SIGNAL   ASSOCIATION 

The  annual  meeting  of  the  Railway  Signal  Association  was  held 
at  the  Seelbach  Hotel,  Louisville,  Ky.,  October  12  to  14.  President 
L.  R.  Clausen  in  his  opening  address  spoke  of  the  vigorous  growth  of 
the  association  since  its  formation  in  Chicago  in  lS9o,  from  6  members 
to  more  than  1100.  The  discussion  was  on  Signaling  Practice. 
The  election  of  officers,  by  letter-ballot,  was  announced:  president, 
H.  S.  Balliet,  of  New  York;  vice-president,  C.  C.  Anthony,  of  Phila- 
delphia, Pa.;  secretary,  C.  C.  Rosenberg,  Bethlehem,  Pa.;  Eastern 
and  Western  representatives  on  the  executive  committee,  C.  J.  Kello- 
way  and  B.  H.  Mann,  respectively. 

AMERICAN   SOCIETY   OF   REFRIGERATING   ENGINEERS 

At  the  Chicago  meeting  of  the  American  Society  of  Refrigerating 
Engineers,  October  18  and  19,  papers  were  presented  by  J.  C.  Wm. 
Greth,  Mem.Am.Soc.  M.E.,  on  Water  Purification  for  Ice  and  Refriger- 
ating Plants;  Walter  L.  Hill,  Assoc. Am. Soc.M.E.,  on  Cold  Storage 
Temperatures;  Dr.  Charles  E.  Lucke,  Mem.Am.Soc.M.E.,  on  Wet 
vs.  Dry  Compression;  Fred.  W.  Wolf,  Jr.,  Mem.Am.Soc.M.E.,  on 
Autogenous  Welding.  There  will  be  a  meeting  in  New  York  Decem- 
ber 6. 

ILLUMINATING  ENGINEERING  SOCIETY  OF  GREAT  BRITAIN 

The  first  of  the  technical  sessions  of  the  Illuminating  Engineering 
Society  recently  organized  in  London  will  be  held  in  November. 
The  honorary  secretary  of  the  society  is  Leon  Gaster,  editor,  of  The 
Illuminating  Engineer,  of  London,  and  Prof.  S.  P.  Thompson  has  con- 
sented to  become  the  first  president.  Influential  support  has  been 
received  from  many  distinguished  authorities  on  matters  of  illumina- 
tion in  Great  Britain,  on  the  Continent  and  in  America,  and  a  repre- 
sentative council  has  been  formed. 


PERSONALS  OP^  THE  MEMBERSHIP  AM.  SOC.  M.E. 

Robert  W.  Angus  gave  an  address  at  the  October  14  meeting  of  the  Engineers' 
Club  of  Toronto,  in  wliich  he  described  some  of  the  better  European  science  labor- 
atories and  large  factories. 

Chas.  Edgar  Ard  has  assumed  the  duties"of  manager  of  Christopher,  Ard  &  Co., 
Starkville,  Miss.  He  was  formerly  professor  of  physics  and  electrical  engineer- 
ing, Mississippi  Agricultiiral  and  Mechanical  College,  Agricultural  College,  Miss. 

Earle  J.  Banta  has  become  identified  with  the  Cincinnati  Equipment  Company, 
Cincinnati,  O.  Mr.  Banta  was  until  recently  mechanical  engineer,  Isthmian 
Canal  Commission,  Culebera,  Canal  Zone,  C.  A. 

John  H.  Barr,  second  vice-president  and  factory  manager  of  the  Smith  Pre- 
mier Works,  has  been  promoted  to  the  position  of  consulting  engineer  with  the 
Union  Typewriter  Company,  with  headquarters  in  New  York.  While  Mr.  Ban- 
will  be  connected  with  the  general  company  he  will  still  be  associated  with  the 
Smith  Premier  Company  of  Syracuse. 

Joseph  G.  Branch  has  been  appointed  president  of  The  Branch  Publishing 
Company,  Chicago,  111. 

Edward  W.  Burgess  has  become  identified  with  the  Metzger  Motor  Car  Com- 
pany, Detroit,  Mich.  He  was  until  recently  mechanical  engineer  of  the  Whitlock 
Coil  Pipe  Company,  Hartford,  Conn. 

Henry  M.  Byllesby  has  been  elected  president  of  the  Civic  Federation  of  Chi- 
cago, and  chairman  of  its  executive  committee. 

Theodore  N.  Case,  recently  chief  engineer  of  the  Kerr-Murray  Mfg.  Co.,  Fort 
Wayne,  Ind.,  expects  to  purchase  and  to  operate  an  irrigated  farm  in  the  Kla- 
math project  of  the  U.  S.  Reclamation  Service,  and  incidentally  to  manufacture 
and  install  acetylene  gas  apparatus  in  that  vicinity. 

Wilham  L.  Cathcart  has  contributed  an  article  on  Heat  Losses  from  Steam 
Pipes  to  the  November  issue  of  Cassier's  Magazine. 

George  E.  Chamberlain  of  La  Grange,  111.,  has  accepted  the  presidency  of  the 
Lewell  Mfg.  Co.,  Chicago,  111, 

Eugene  Childs,  formerly  connected  with  the  Trimont  Mfg.  Co.,  Roxbury,  Mass., 
has  been  made  president  and  general  manager  of  the  Springfield  Drop  Forge  Co., 
Springfield,  Mass.,  recently  acquired  by  the  Lakeside  Forge  and  Wrench  Co., 
Springfield,  Mass. 

Peter  Eyermann  has  resigned  his  position  with  the  Du  Bois  Iron  Works,  Du 
Bois,  Pa.,  as  chief  engineer,  and  accepted  an  engagement  with  the  Austrian  steel 
works  at  Witkowitz,  Austria. 
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Aime  L.  G.  Fritz,  until  recently  associated  with  Ford,  Bacon  &  Davis,  New 
York,  has  entered  the  service  of  the  Tee  Square  &  Triangle  Co.,  Newark,  N.  J. 

Chester  B.  Hamilton,  Jr.,  has  accepted  a  position  with  Smith,  Kerry  &  Chace, 
Toronto,  Ont. 

Clarence  H.  Helvey  has  become  connected  with  the  Republic  Motor  Car  Com- 
pany, Hamilton,  O.  He  was  formerly  with  the  Hamilton  Engineering  Company, 
Hamilton,  O. 

Walter  G.  Holmes,  formerly  with  the  American  Sterilizer  Co.,  Erie,  Pa.,  has 
been  made  chief  draftsman  of  the  Linderman  Machine  Co.,  Muskegon,  Mich. 

Chas.  M.  Jarvis,  vice-president  of  the  American  Hardware  Corporation,  New 
Britain,  Conn.,  has  been  elected  a  director  of  the  Colt's  Patent  Fire  Arms  Mfg. 
Co.,  Hartford,  Conn. 

James  McNaughton  has  been  elected  a  director  of  the  Colorado  Fuel  &  Iron 
Co. 

R.  S.  deMitkiewicz,  formerly  with  the  Fairbanks  Company,  in  gas  power  work, 
has  become  connected  with  the  New  York  office  of  the  Alden,  Sampson  Mfg.  Co., 
of  Pittsfield,  Mass. 

John  N.  Mowery,  mechanical  engineer  of  the  Lehigh  Valley  Railroad,  South 
Bethlehem,  Pa.,  has  been  transferred  to  Auburn,  N.  Y.,  in  the  capacity  of  assistant 
master  mechanic. 

George  A.  Orrok  delivered  a  lecture  on  The  Gas  Engine  in  Relation  to  Blast 
Furnace  Practice,  before  the  November  10  meeting  of  the  Society  of  Engineers 
of  Eastern  New  York. 

R.  B.  Owens,  formerly  professor  of  electrical  engineering,  McGill  University, 
Montreal,  P.  Q.,  has  become  associated  with  the  Southern  Power  Company, 
Charlotte,  N.  C. 

T.  Elhott  Payson,  consulting  engineer,  Jersey  City,  N.  J.,  has  accepted  a  posi- 
tion as  superintendent  of  works  with  the  Edengraph  Mfg.  Co.,  New  York. 

Chas.  C.  Phelps,  formerly  associated  with  the  Gage  Publishing  Co.,  New  York, 
has  been  appointed  editor  of  Steam,  New  York. 

Auguste  L.  Saltzman,  consulting  engineer,  East  Orange,  N.  J.,  has  accepted 
a  position  with  Walter  Scott  &  Co.,  in  charge  of  the  drafting  department. 

Richard  A.  Smart  has  assumed  the  position  of  works  manager  of  the  Oliver 
Chilled  Plow  Works,  South  Bend,  Ind.  He  was  formerly  assistant  manager  of 
works  of  the  Westinghouse  Electric  &  Mfg.  Co.,  Pittsburg,  Pa. 

WilHam  H.  Smead  has  accepted  a  position  with  the  General  Fire  Extinguisher 
Company,  Warren,  O.  Mr.  Smead  was  formerly  associated  with  the  Proximity 
Mfg.  Co.'s  Mills,  Greensboro,  N.  C. 

John  Sturgess,  formerly  general  manager  of  the  Lombard  &  Replogal  Gov- 
ernor Co.,  Akron,  O.,  has  become  associated  with  the  Piatt  Iron  Works  Company, 
Dayton,  O.,  as  Western  representative. 
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E.  H.  Symington,  formerly  manager  Western  sales  of  the  T.  H.  Symington 
Co.,  Chicago,  111.,  is  now  located  at  the  Rochester,  N.  Y.,  plant  as  works  sales 
manager  of  the  company. 

Godfrey  M.  S.  Tait  will  present  a  paper  on  Gas  Power  Plants  at  the  November 
16  meeting  of  the  Modern  Science  Club,  Brooklyn,  N.  Y. 

Max  E.  R.  Toltz,  formerly  located  at  the  Chicago,  111.,  office  of  the  Manistee 
&  Grand  Rapids  R.  R.,  is  now  with  the  St.  Paul,  Minn.,  office.  Mr.  Toltz  is  general 
manager  of  the  company. 

Charles  Waterman,  formerly  with  the  Maxwell  Briscoe  Motor  Co.,  New  Castle, 
Ind.,  has  been  appointed  superintendent  of  the  Southern  Motor  Works,  Jackson, 
Tenn. 

H.  C.  Whitehurst,  with  the  firm  of  Evans,  Almirall  &  Co.,  New  York,  has  been 
placed  in  charge  of  that  company's  new  branch  office  at  Richmond,  Va. 

G.  A.  Young,  assistant  professor  mechanical  engineering,  Purdue  University, 
has  taken  a  leave  of  absence  and  will  spend  a  year  in  the  Graduate  School  of 
Harvard  University.  Professor  Young  is  taking  some  special  work  in  the  Une 
of  research  in  thermodynamics. 


EFFICIENCY    TESTS   OF   STEAM-TURBINE 
NOZZLES 

By  Prop.  Frederick  H.  Sibley,  University,  Ala. 
Member  of  the  Society 

T.  S.  Kemble,'  Cleveland,  O. 
Non-Member 

In  1905  a  series  of  tests  was  begun  at  Case  School  of  Applied  Science, 
Cleveland,  0.,  to  determine  the  proper  proportions  and  the  efficien- 
cies of  steam-turbine  nozzles  for  given  steam  conditions.  The  final 
tests,  from  which  the  results  given  herewith  are  derived,  were  made 
in  an  apparatus  designed  by  T.  S.  K?mble,  of  the  Chase  Machine  Co., 
of  Cleveland.  The  writers  spent  about  two  years  on  these  tests, 
£"id  through  the  generosity  of  the  company  and  the  facilities  afforded 
at  Case  School,  were  able  to  procure  apparatus  of  considerable  pre- 
cision. 

THEORY    OF    NOZZLES 

2  By  the  theory  of  steam  nozzles,  a  given  weight  of  steam  must 
pass  all  sections  of  the  nozzle  in  the  same  time  and  the  nozzle  should 
be  so  constructed  that  the  expansion  will  take  place  between  the  given 
initial  and  terminal  pressures  and  wholly  within  the  nozzle,  the  steam 
filling  it  completely  at  all  sections.  The  available  heat  energy  of  the 
steam  will  then  all  be  converted  into  kinetic  energy  and  the  efficiency 
will  be  a  maximum.  By  efficiency  we  understand  the  kinetic  energy 
of  the  jet  per  unit  mass,  divided  by  the  available  heat  energy  of  the 
steam  per  unit  mass. 

3  To  find  the  correct  relation  between  the  length  and  the  cone 
angle  of  the  nozzle,  that  the  efficiency  may  be  a  maximum,  is  the 
problem  to  be  determined  experimentally.     Let 

'  T.  S.  Kemble,  Experimental  Engineer  for  the  Chase  Machine  Company, 
Cleveland,  O. 

All  papers  are  subject  to  revision. 
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W  =  weight  of  steam  flowing  in  pounds  per  second. 

V  =  velocity  of  the  jet  in  feet  per  second. 

M  =  mass. 

F  =  reaction  in  pounds. 

g  =  acceleration  due  to  gravity  at  Case  School  =  32.16015. 

K  =  kinetic  energy  of  the  jet  in  foot-pounds  or  B.t.Ui 

E  =  total  available  heat  energy  of  the  steam. 

Efficiency  =  K  ^  E. 

4  From  Mechanics  we  have:  K  =  ^MV^  and  M  =  W  ~  g.  If 
W  =  lib.,  then 

K  (the  B.t.u.)  =  27^ 
also 

V  =  -^     for  any  flow 

F  is  the  factor  to  be  determined  by  experiment. 

METHODS    SUGGESTED 

5  Three  methods  may  be  suggested  for  determining  the  efficiency 
of  steam  nozzles. 

a  By  measuring  the  force  of  the  jet  when  allowed  to  impinge 

on  an  external  surface. 
b  By  investigating  the  character  of  the  jet  with  a  search  tube 

inserted  axially  in  the  nozzle. 
c  By  measuring  the  reaction  of  the  nozzle  when  a  jet  of  steam 

is  flowing  through  it. 

6  The  first  method  involves  complications  which  tend  to  cast 
some  doubt  upon  the  results  obtained.  The  force  upon  the  external 
surface  may  be  modified  by  the  character  of  the  surface,  by  eddying 
and  steam  friction,  and  by  the  distance  traveled  by  the  jet  after 
leaving  the  nozzle  and  before  it  reaches  the  surface.  When  the  sur- 
face used  is  a  flat  plate  perpendicular  to  the  axis  of  the  jet,  the  force 
may  even  vary  from  a  maximum  to  a  negative  value  according  to  the 
relative  location  of  the  plate  and  nozzle. 

7  The  second  method  was  tried  in  a  series  of  experiments  to  find 
the  pressure  in  the  jet  at  various  sections  of  the  nozzle.  A  search 
tube  was  inserted  axially  in  the  nozzle  and  the  relation  between  pres- 
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sure  and  flow  was  compared  with  the  theoretical  relation,  as  calculated 
and  plotted  from  the  steam  tables.  The  first  search  tube  used  was 
of  drawn  copper  ^  in.  in  outside  diameter  and  ^  in.  in  inside  dia- 
meter. One  end  was  closed  and  the  other  connected  to  a  mercury 
column.  A  ^-in.  hole  was  drilled  through  the  search  tube  at  right 
angles  to  its  axis.  The  tube  was  so  actuated  as  to  bring  the  holes 
into  any  desired  section  of  the  nozzle,  and  the  pressure  shown  by  the 
mercury  gage  was  recorded. 


Q  rj-1  Micrometer  Screw 


Fig.  1     Diagram  of  Piston  Apparatus 


8  This  search  tube  was  a  failure,  the  pressures  recorded  being 
greatly  at  variance  under  identical  conditions.  This  trouble  was 
attributed  to  the  capillary  action  on  the  condensed  steam  in  the  tube 
of  the  very  small  longitudinal  hole. 

9  A  brass  tube  ^  in.  outside  diameter  and  ^  in.  inside  diameter 
gave  results  much  more  nearly  consistent  but  not  nearly  accurate 
enough  to  determine  the  efficiencies  at  the  various  sections  of  the 
nozzle. 
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10  The  third  method  provided  for  the  determination  of  the  reac- 
tion of  the  jet  in  the  nozzle,  and  apparatus  was  constructed  for  this 
purpose,  differing  in  detail  as  follows: 

1  By  fastening  the  nozzle  into  the  outer  face  of  one  of  a  pair 

of  rigidly  connected  pistons  suspended  in  a  cylinder. 
Steam  entering  between  the  pistons  and  flowing  out 
through  the  nozzle  would  produce  a  measurable  reaction. 

2  By  using  a  flexible  steel  tube  suspended  freely  by  one  end 

and  havina:  the  nozzle  attached  to  a  chamber  at  the  other 


Fig.  2     Flexible  Tube  Apparatus  for  Measuring  Reaction  of  Jet 


end  with  its  axis  perpendicular  to  the  axis  of  the  tube. 
Steam  flowing  downward  through  the  tube  and  out  of  the 
nozzle  would  cause  the  tube  to  deflect  with  a  measurable 
force. 

PISTON   METHOD 

11  Fig.  1  is  a  diagram  of  the  piston  apparatus,  having  floating 
pistons  rigidly  connected  with  one  another.  High-pressure  steam 
entered  between  the  pistons  at  A  and  flowed  out  through  the  nozzle 
A/Vto  the  condenser.  The  pistons  were  hung  on  the  end  of  a  cali- 
brated spring  enclosed  within  the  exhaust  steam  space  and  their 
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weight  put  an  initial  tension  in  the  spring.  The  total  movement 
allowed  the  pistons  was  about  ^  in.  and  for  convenience  this  move- 
ment was  multiplied  by  the  needle  F  in  the  ratio  of  ten  to  one.  When 
steam  flowed  through  the  nozzle  the  reaction  of  the  jet  relieved  part 
of  the  tension  on  the  .spring  and  the  corresponding  decrease  of  elonga- 
tion was  measured  by  the  micrometer  nut  and  screw  and  expressed 
in  pounds. 

12     As  first  constructed,  the  pistons  moved  quite  freely  when  no 
steam  was  flowing,  but  when  the  steam  was  turned  on  the  static  fric- 


FiG.  3     Interior  of  Box  Containing  Flexible  Tube  Apparatus 


tion  increased  so  rapidly  as  to  make  accurate  results  impossible. 
When  the  diameter  of  the  pistons  had  been  reduced  to  the  point  where 
the  friction  became  manageable,  the  leakage  of  steam  past  them  be- 
came so  great  as  to  cause  considerable  troul)le.  Furthermore,  con- 
densed steam  gathered  on  top  of  the  upper  piston,  creating  another 
source  of  error,  because  it  was  impossible  to  know  the  quantity  pres- 
ent at-  any  given  instant  and  so  to  make  a  corresponding  correction. 
Modification  of  this  apparatus  in  the  attempt  to  overcome  these  diffi- 
culties would  have  amounted  almost  to  rebuilding  and  before  doing 
this  another  method  was  tried  with  such  success  that  it  was  not  con- 
sidered necessary  to  return  to  the  old  one. 
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FLEXIBLE   TU3E    APPARATUS 

13  The  flexible  tube  apparatus  (shown  in  Figs.  2  to  5)  was  then 
tried  with  such  success  that  it  was  not  considered  necessary  to  return 
to  the  piston  apparatus.  This  apparatus  was  designed  with  a  special 
view  to  combining  the  search-tube  and  reaction  methods,  by  which 
means  we  hoped  to  obtain  results  more  accurate  than  would  result 
from  either  method  alone. 


tyws^     ) 


1^ 


To  Condenser 


Fig.  4    Section  of  Flexible  Tube  Apparatus 


CONDITIONS  OF  TESTS 


14  All  tests  were  run  at  night,  that  there  might  be  no  interference 
with  other  work  being  conducted  in  the  laboratory  and  boiler  room. 
Steam  was  generated  in  a  125-h.p.  Babcock  &  Wilcox  boiler  at  a 
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pressure  of  155  lb.  gage  with  a  variation  of  not  more  than  2  lb.  up  or 
down.  There  was  about  50  deg.  fahr.  superheat  at  the  boiler,  which 
was  connected  with  the  testing  apparatus  by  about  55  ft.  of  5-in.  pipe 
and  25  ft.  of  4-in.  pipe. 

15  In  the  main  steam  pipe  was  located  an  angle  needle-valve 
operated  by  a  sprocket  wheel  and  chain  (Fig.  2)  which  made  it  pos- 
sible to  hold  the  nozzle  feed-pressure  very  constant.  From  this  point 
the  steam  passed  downward  through  the  tube  A  to  the  chamber  B, 
(Fig.  4)  thence  through  the  nozzle  C  into  the  box  D,  and  on  through 
the  passage  E  to  the  condenser. 

16  The  upper  end  of  the  tube  A  was  screwed  into  a  diaphragm 
on  the  lower  flange  of  the  angle  valve.  At  its  lower  end  it  supported 
the  chamber  B  which  was  allowed  to  move  between  stops  restrained 
only  by  the  stiffness  of  the  tube  and  of  the  spring  F.  The  motion  of 
the  chamber  B  was  indicated  by  a  needle  which  multiplied  the  motion 


Fig.  5    End  Views  of  Search-Tube^End  and  of  Condenser"'End 


about  ten  to  one.  The  spring  F  was  operated  by  a  micrometer  nut 
and  screw  and  was  calibrated  in  place  by  known  weights  hanging  on  a 
flexible  wire  cable  which  extended  from  tlie  back  of  the  chamber  in  the 
line  of  the  nozzle  axis  and  down  over  a  ball-bearing  sheave.  The 
tube  A,  the  chamber  B  and  the  nozzle,  were  all  enclosed  in  the  ver- 
tical pipe  P  and  the  box  D,  and  the  vacuum  surrounding^them  was 
greater  than  that  in  the  condenser  owing  to  the  "  augmenter  "  action 
of  the  steam  jet  entering  the  passage  E  to  the  condenser. 

17  The  initial  temperature  of  the  steam  was  shown  by  a  thermom- 
eter inserted  in  a  well  in  the  chamber  B  and  observed  through  a  glass 
in  the  box  D.  A  steam  gage  was  connected  by  a  flexible  tube  to  the 
chamber  B.  The  vacuum  in  the  condenser  and  in  the  box  D  was 
shown  by  mercury  columns,  and  the  other  column  was  joined  by  a 
flexible  connection  to  a  hole  drilled  as  near  as  possible  to  the  muzzle 
of  the  nozzle  and  perpendicular  to  the  wall.  All  these  connections 
to  the  mercury  columns  were  of  glass  tubing  with  rubber  couplings 
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which  allowed  the  moving  parts  to  swing  freely  without  friction  and 
made  it  easy  to  observe  any  accumulation  of  moisture,  and  by  break- 
ing the  connection  air  could  be  let  through  to  dry  them  quickly. 

FORMS  OF  NOZZLE  TESTED 

18     The  exact  dimensions  of  the  nozzles  are  shown  in  Fig.  6  and 
Fig.  7.     They  were  all  of  machinery  steel,  bored   taper,  and  had 


Fig.  6    Forms  of  Nozzles  Tested 


entrances  rounded  off  with  a  hand  tool  to  approximately  J  in  radius. 
All  nozzles  except  No.  15  and  No.  18  were  bored  smooth  and  polished. 
Nos.  10,  11  and  12  were  identical  except  as  to  length  and  angle  of 
divergence.     No.  18  was  like  No.  11  except  that  it  was  finished  rough 


TESTS    OF    STEAM-TURBINE    NOZZLES 


1177 


on  the  inside  between  the  throat  and  muzzle,  the  finishing  chip  being 
made  with  a  threading  tool  having  an  angle  of  120  deg.,  and  cutting 
90  threads^'per  inch.  No.  14  and  No.  15  were  identical  except  that 
whereas  No.  14  was  bored  taper,  No.  15  was  made  in  halves,  and  after 

TABLE  1     DIMENSIONS  OF  NOZZLES  IN  FIG.  6 


Nozzle 
No. 

Gross 

Diameter 

Throat 

INCHES 

Gross 

Diameter 

Outlet 

inches 

Net  Area 
Throat 

SQ.  INS. 

Net  Area 
Outlet 

SQ.  INS. 

Length 
inches 

Angle     of 
Divergence 

13 
14 
15 
16 

0.3949 
0.3038 
0.3038 
0.625 

1.156 

1.128 

1    'N.    SQ. 

1.1315 

0.0734 
0.0725 
0.0725 
0.0725 

1.0005 
0.9993 
1.0000 
1.0055 

3^ 

2H 

3 

14°  30' 
16°  18' 
13°  37' 
9°  41' 

Nozzles  No.lO,  No.ll,  No.lS,  and  No.lS 

Fig.  7     Forms  op  Nozzles  Tested 


TABLE  2     DIMENSIONS  OF  NOZZLES  IN  FIG.  7 


Nozzle 
No. 

Gross 

Diameter 

Throat 

inches 

Gross 

Diameter 

Outlet 

INCHES 

Net  Area 
Throat 

SQ.  INS. 

Net  Area 
Outlet 

SQ.    INS. 

Length 

INCHES 

Angle     of 
Divergence 

'  9 
10 
11 
12 
18 

0.3940 
0.3039 
0.3039 
0.3056 
0.3039 

1.4505 
1.4240 
1.4231 
1.4241 
1.4225 

0.0728 
0.0726 
0.0725 
0.0733 
0.0725 

1 . 6033 
1 . 5926 
1 . 5907 
1.5930 
1.5893 

6i{ 

6i 

5i 

3A 

5ii 

9°  26' 

9°  53' 

11°  41' 

20°  31' 

11°  36' 
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being  bored  taper  these  halves  were  separated  and  milled  longitu- 
dinally with  a  90-deg.  cutter,  the  cut  beginning  just  beyond  the  throat 
and  running  deeper  toward  the  muzzle,  where  the  section  becomes 
square,  with  the  same  area  as  the  muzzle  of  No.  14,  No.  16  was  like 
No.  14  but  had  a  larger  throat  area  so  that  a  needle  point  could  be 
introduced  to  give  the  same  net  area  as  No.  14.  No.  9  and  No.  13 
are  search-tube  nozzles  made  with  throat  and  muzzle  areas  large 
enough  so  that  the  net  areas,  with  the  search  tube  in  place,  were  equal 
to  the  net  areas  of  the  corresponding  ''reaction"  nozzles.  No.  9 
corresponds  to  Nos.  10,  11,  12  and  18.  No.  13  corresponds  to  Nos. 
14,  15  and  16.  The  dimensions  of  the  nozzles  are  given  in  Tables 
1  and  2. 

FLOW   TESTS 

19  Numerous  tests  were  made  to  determine  the  rate  of  flow  of 
steam  through  the  various  nozzles.  Fig.  8  shows  the  results  of  these 
tests  plotted  to  a  scale  of  pounds  flow  per  hour.  The  variations  in 
flow  are  probably  due  principally  to  moisture  in  the  steam,  and  to 
some  extent  to  leakage  from  the  water  to  the  £team  side  of  the  con- 
denser. The  condenser  was  tested  and  at  no  time  showed  a  leak 
exceeding  two  pounds  per  hour.  There  was  sometimes  a  trace  of 
superheat  at  the  nozzle  entrance,  and  this  increased  with  an  increase 
in  the  volume  of  flow.  At  pressures  of  less  than  145  lb.,  moisture 
was  probably  always  present.  For  this  reason  the  values  used  in  the 
calculations  were  the  mean  flow-values  for  145-lb.  pressure,  and  a 
trifle  less  than  the  mean  for  the  lower  pressures.  It  is  to  be  regretted 
that  we  were  unable  to  procure  a  calorimeter  of  sufficient  accuracy 
for  our  purpose. 

20  In  Fig.  8  the  results  are  given  in  pounds  per  hour  for  the  four 
initial  pressures.  Each  small  circle  represents  the  result  of  one  flow 
test  of  from  15  min.  to  30  min.  duration.  The  vertical  dotted  lines 
represent  the  flow  values  that  were  used  in  the  efficiency  calculations. 
The  flow  values  for  the  irregularly  shaped  nozzles  are  a  little  higher 
than" the  others,  as  is  shown  in  the  upper  part  of  the  diagram.  The 
diagonal  lines  simply  connect  together  the  results  found  in  the  same 
test.  For  example,  the  five  circles  along  the  lowest  line  of  the  chart 
represent  the  values  found  for  nozzle  No.  9  on  January  17  and  18, 
1908.  The  vertical  scale  is  not  important  although  each  initial 
pressure  is  located  higher  up  on  the  diagram  than  the  preceding  one 
as  a  matter  of  convenience. 
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SPRING  CALIBRATIONS 

21  The  accuracy  with  which  the  reactions  were  determined 
depended  largely  on  the  care  taken  in  calibrating  the  springs.  These 
calibrations  were  first  made  with  the  spring  in  place  in  the  apparatus, 
and  at  the  room  temperature  of  about  85  deg.  fahr.  The  readings 
were  taken  while  gradually  loading  the  spring  to  25  lb.  and  then  un- 
loading it,  repeating  the  operation  a  great  number  of  times  and  taking 
average  extension  under  any  given  load  as  the  true  extension  for  that 
load.  The  average  extension  under  a  load  of  25  lb.  was  1.4875  in., 
or  0.0595  in.  per  lb.  In  cooling  ofT,  tube  A,  Fig.  4,  seemed  to  warp  a 
little,  so  that  after  about  two  minutes  there  was  a  decrease  in  the 
initial  extension  of  the  spring  of  about  0.0025  in.  As  it  took  about 
two  minutes  to  shut  off  the  steam  and  get  the  initial  extension  after 
each  reaction  reading,  the  spring  extensions  were  all  corrected  by 
this  amount. 

22  Another  factor  which  affected  the  spring  calibration  was  the 
change  in  temperature  of  the  spring  itself.  A  thermometer  was  in- 
serted in  the  spring  casing  and  the  spring  calibrated  at  various  tem- 
peratures by  observing  the  temperature  and  extensions  simultane- 
ously. From  these  temperature  calibrations  a  correction  factor 
/[0. 0002423  (^2  ~  ^i)]  was  obtained  and  used  to  correct  the  reactions 
found  by  using  the  factor  0.0595  in.  per  lb. 

23  After  the  thermometer  had  been  inserted  in  the  spring  casing 
it  was  noted  that  as  the  reaction  test  progressed  the  temperature  at 
first  increased  and  then  remained  nearly  constant  regardless  of  mod- 
erate changes  in  initial  and  terminal  pressures.  This  was  due  to  the 
fact  that  the  box  D  stood  open  and  cooled  off  between  tests  and  then 
warmed  up  gradually  when  the  steam  was  turned  on.  The  average 
temperature  in  the  spring  casing  was  about  135  deg.  fahr.,  or  50  cleg, 
higher  than  the  room  temperature  at  which  the  original  calibration 
was  made.  All  the  reactions  found  before  this  thermometer  was  in 
place  were  corrected  on  the  assumption  that  the  spring  temperature 
was  135  deg.  fahr.  While  this  did  not  eliminate  the  error  due  to  the 
fact  that  the  temperature  increased  during  the  first  part  of  each  test, 
it  did  bring  the  average  pretty  close  to  what  it  should  be. 

24  Corresponding  readings  of  spring  extensions  at  the  beginning 
and  end  of  tests  were  lower  and  higher  respectively  than  the  average 
extension.  This  was  due  to  the  above-mentioned  difference  in  spring 
temperature.  When  the  spring  temperature  was  read  simultaneously 
with  the  spring  extension  this  difference  disappeared. 
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SEARCH-TUBE  TESTS 

25  After  completing  the  flow  tests  and  the  spring  calibrations  one 
other  factor  remained  to  be  determined  before  the  reaction  tests  could 
be  made.  This  wa'^  the  determination  of  the  pressure  at  the  muzzle 
of  the  nozzle. 

26  The  reaction  of  any  nozzle  is  equal  to  the  summation  of  all  the 
components,  parallel  to  its  axis,  of  the  pressures  within  the  nozzle 
and  in  the  chamber  from  which  it  leads.  If  the  pressure  of  the  medium 
surrounding  the  nozzle  and  the  chamber  is  equal  to  that  in  the  plane 
of  the  muzzle,  then  the  reaction  as  shown  by  the  pull  on  the  spring 
is  the  true  reaction.  If  the  pressure  of  the  surrounding  medium  is 
greater  than  that  in  the  plane  of  the  muzzle  it  will  decrease  the  appar- 
ent reaction,  and  if  the  pressure  of  the  surrounding  medium  is  less 
than  that  in  the  plane  of  the  muzzle  it  will  increase  the  apparent  reac- 
tion. The  amount  of  such  increase  or  decrease  will  be  equal  to  the 
difference  in  the  unit  pressure  multiplied  by  the  area  of  the  muzzle. 
The  true  reaction  of  the  nozzle  is  equal  to  the  pull  of  the  spring  plus 
or  minus  this  pressure  difference. 

27  The  demonstration  of  this  proposition  possibly  differentiates 
these  experiments  from  those  heretofore  published,  as  the  writers 
do  not  know  of  any  other  case  where  the  combination  has  been  used 
in  this  manner. 

28  The  muzzle  pressure  was  found  by  using  the  search  tube  with 
nozzles  No.  9  and  No.  13.  The  search  tube  here  used  was  a  selected 
piece  of  cold-drawn  Shelby  tube  j  in.  in  outside  diameter  and  ^  in. 
in  inside  diameter,  with  six  holes  ^  in.  in  diameter  drilled  perpendicu- 
lar to  the  axis.  The  outside  of  the  tube  was  polished  to  micrometer 
measurement.  The  chamber  B  was  rigidly  connected  to  the  back  wall 
of  the  box  D  by  the  distance  piece  at  J  (Fig.  3) .  The  rear  end  of  the 
search  tube  was  encased  and  supported  by  a  tube  at  L  which  had  on 
its  outer  surface  a  thread  fitted  with  a  micrometer  nut,  and  passed 
through  the  distance  piece  holding  the  search  tube  in  the  axis  of  the 
nozzle. 

29  The  holes  in  the  search  tube  were  located  in  the  same  plane  as 
the  hole  in  the  wall  of  the  nozzle.  One  gage  was  connected  to  the 
box  D,  another  to  the  hole  in  the  wall  of  the  nozzle,  and  a  third  to  the 
rear  end  of  the  search  tube.  Simultaneous  readings  of  these  gages 
were  taken  with  varying  pressures  in  the  box.  These  readings  were 
plotted  in  Fig.  9  and  Fig.  10. 

30  The  diagonal  lines  represent  the  box  pressures,  which  were 
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varied  from  0.5  lb.  to  2  lb.  absolute.  The  larger  circles  represent 
the  pressures  at  the  rim  of  the  nozzle  and  the  smaller  circles  that  at 
the  center  of  the  nozzle.  These  are  plotted  for  the  four  initial  pres- 
sures as  found  on  different  dates.  The  dotted  horizontal  lines  repre- 
sent the  muzzle  pressures  used  in  determining  the  true  reaction. 
For  example,  on  May  22  and  23,  with  an  initial  pressure  of  100  lb. 
under  a  box  pressure  of  0.8  lb.  absolute  the  terminal  pressure  at 
both  rim  and  center  of  the  nozzle  was  0.7  lb.  absolute;  0.648  was  the 
average  terminal  pressure  used  in  the  calculations. 

31  The  first  tests  seemed  to  indicate  a  higher  pressure  in  the  cen- 
ter of  the  stream  than  in  the  rim.  Later  a  leak  in  the  search-tube 
connections  was  discovered  and  repaired,  and  the  tests  repeated. 
This  time  the  rim  readings  were  constant,  while  the  search-tube  read- 
ings came  down  toward  the  rim  readings,  showing  that  they  had  been 
affected  by  the  leak.  More  careful  repairs  still  further  reduced  the 
leak  and  the  search-tube  readings,  until  there  appeared  to  be  no 
actual  difference  in  pressure  at  the  rim  and  at  the  center  of  the  stream. 
It  was  decided  to  use  the  rim  readings  where  a  difference  remained 
as  it  was  hardly  possible  to  keep  the  search-tube  connections  perfectly 
tight  throughout  a  night's  run,  and  error  seemed  more  likely  than  in 
the  rim  readings. 

32  Fig.  9  and  Fig.  10  show  that  the  pressure  in  the  center  of  the 
stream  remains  constant  with  considerable  variation  in  pressure  in 
the  box  D,  and  the  pressure  at  the  rim  of  the  stream  remains  con- 
stant until  the  pressure  in  the  box  rises  somewhat  above  that  shown 
in  the  search  tube,  at  which  time  the  pressure  works  gradually  in 
along  the  rim  without  at  first  affecting  the  center  of  the  stream. 

33  The  terminal  pressures  taken  from  these  tests  were  further 
corrected  by  the  difference  between  the  pressure  in  this  plane  and  in 
the  exact  plane  of  the  muzzle.  This  correction  involved  the  subtrac- 
tion of  only  0.01  lb.  per  sq.  in.  for  No.  9,  and  0.03  lb.  per  sq.  in.  for 
No.  13. 

REACTION   TESTS 

34  In  making  reaction  tests  the  following  routine  was  observed : 
The  barometer  was  read  with  every  observation,  and  corresponding 
corrections  made  so  that  the  initial  absolute  pressure  used  should 
be  exactly  145,  130,  115  and  100  lb.  per  sq.  in.  This  was  for  conveni- 
ence in  making  computations.  One  observer  maintained  a  constant 
initial  pressure  by  manipulating  the  needle  valve  in  the  steam  pipe. 
A  second  observer  maintained  a  constant  vacuum  in  the  box  Z)  by 


TESTS    OF    STEAM-TURBINE    NOZZLES 


1183 


Oiniosqy  •uj-h'S  -qi  -^-j,     „ 


O 

o 

10 

O             lO 
1-1             o 

o 

"O 

ocq 

r-?0 

C 

O 
CI 

lO 

oo 

.-I'O 

113 
O 

j.i 

l-il 

j 

■^1  • 

?I 

J2 

^1 

SI 

- 

J2 

=?i 

lO  j 

►HI 

\ 

||j_ 

\ 

\, 

ri  1 

\ 

1 

\ 

P^I 

\ 

f^l 

\ 

l\ 

\ 

P4 

m 

\ 

H 

\ 

W| 

\, 

\ 

H 

1 

2 

\ 

N 

\ 

\ 

1 

§5 

\ 

\ 

\ 

\ 

-c 

\ 

\ 

\ 

\ 

ej 

S 

1 

\ 

\ 

\ 

<» 

\ 

\ 

i 

k 

rt 
^ 

k 

1 

\ 

, 

4- 

N 

«^ 

^ 

■f 

=\ 

<f- 

A 

1 

\ 
\ 

1 

\ 

] 

1 

\ 

o 

1 

\ 

o 

\ 

-d 

1 

\ 

_o 

_! 

^ 

1 

\^ 

lO 

1 

\j 

-O-l 

1 

'S 

V 

1 

^r 

] 

1 

i\ 

1 

' 

1 

\ 

1 

\ 

] 

\ 

1 

\ 

\ 

\ 

:-^ 

\ 

\ 

1 

\ 

\ 

\ 

1 

\ 

1 

S 

\ 

• 

\ 

1 

\ 

\ 

5 

CO 

\ 

1 

\ 

^ 

\ 

1 

^ 

*i 

^ 

w 

- 

\ 

r 

^ 

-^ 

sl 

v^ 

1 

\ 

« 

i 

Hi- 

-\ 

. 

R= 

A, 

b 

j 

f^ 

1 

IS 

1 

cd 

t3 

r/) 

r/) 

W 

K 

(^ 

a 

2 

>- 

^ 

K 

< 

> 

6 
z 

w 

o 

CQ 

H 

o 

Q 

10 

■w 

H 

o 

n 

t> 

g 

« 

w 

a> 

n 

cu 

« 

r/) 

« 

Ph 

0 

CO 

o 
u 

CO 

HI 

N 

tS 

m 

(J 

^ 

o 

S3 

o 

6 

w 

^ 

>; 

K 

s 

f-i 

M 

hI 

05 
03 

o 

z 

Pm 

K 

o 

J 

b 

<: 

?! 

K 

m 

3 

H 

S; 

o 

p^ 

p 

w 


^  '-'^       o 


a^tniosqv  'ui-bg  qi-dL'l 


1IS4 


TESTS    OF    STEAM-TURBINE    NOZZLES 


a^niosQY  ""I't'S  'QT  'd'X 


— <         ^  o 


i-l  rt  o 


t-i  .-•  o 


\1 

? 

\T 

^ 

VI 

T. 

\ 

g 

m 

\ 

i- 

\ 

^ 

s 

V 

\ 

i: 

05 

\ 

1 

\ 

1 

\i 

^ 

«r 

! 

\\ 

i 

S 

32 

\ 

\ 

l\ 

-1 

\ 

^ 

^i 

i> 

\ 

f- 

\ 

> 

<^ 

— 

\ 

lO 

'^ 

1 

\ 

0 — 

Js 

' 

1 

\ 

^ 

f 

\^ 

t 



A 

1 

\ 

^ 



-o- 

1 

\ 

V 

1 

\ 

¥ 

— 

\ 

\ 

\ 

fl 

= 

==■ 

V 

r 

— 

A 

k 

' 

— 

A 

pA 

— 

A 

\ 

\ 

\ 

^ 

\ 

\ 

> 

\, 

\ 

\ 

1 

\ 

1 

\ 

1 

\ 

^ 

g 

\ 

i 

\, 

\[ 

A 

v 

1 

\| 

K 

— 

— 

— ' 

'~~ 

1 

\ 

\ 

1 

^ 

\\ 

\ 

<»- 

A 

^ 

'^ 

1 

\ 

1 

\ 

\ 

1 

\ 

« 

'N 

1 

\ 

^ 

\ 

s 

— 

L_ 

u 

1 

s 

•13 

<ti- 

\ 

■p 



K 

\ 

H>- 

^ 

\ 

<i>- 





A 

^ 

T 

-^ 

\ 

"^ 

1 

\, 

' 

1 

•^ 

^ 

r-^ 

^i 

\ 

1 

\ 

N 

\ 

\ 

\ 

\ 

\ 

\ 

1 

\ 

•* 





^ 

■^"1 

\ 

\ 

4- 

_ 





^^ 

^~ 

1 

^ 

\ 

1 

o 

C5 

\ 

1 

^ 

3i| 

\ 

K 

^■- 

\ 

^ 

^ 

i 

\ 

•a 

\ 

■vD 

\ 

\\ 

1 

\ 

— 

> 

1 

\ 

\ 

1 

\ 

A 

•(SI- 

_\ 

"h- 

_A 

\ 

T-l 

T* 

1 

\ 

! 

\ 

1 

\ 

r- 

— 

1 

\ 

ft 

<5 

t- 

K 

1 

\, 

1 

\, 

<— 

1 

\ 

;i- 



A 

ST" 



— 

_!_ 



— 

A 

r" 

— 

— 1 — 

— 

A 

\~ 

V 

r- 

6J 

FT 

— 

— 

^ 

s 

\ 

— 

— 

— 

— 



— 

— 

-4= 

=^ 

= 

— 

A 

*i— 

— 

— 

— 

« 

V 

1 

s 

s 

.1 

1 

-p- 

\ 

fl 

Nr 

Si 

A\ 

rP- 

h\ 

(1 

j^l 

.1 

i 

— 

\ 

^^ 

i 

-ll 

2l 

Id's' 

V 

^ 

sl<\ 

S| 

§l<! 

\ 

~tr  ' 

\ 

III 

I|-^ 

\ 

^ 

\ 

^1 

1 

1 

4\ 

N 

o 

pq 

'z 

a 

« 

& 

m 

rl> 

u 

« 

Ph 

a 

•z 

■* 

>* 

« 

n 

< 

7, 

> 

0 

!x 

m 

») 

o 

a 

a 

w 

;4 

w 

Q 

u 

Z 

S 

'p 

W 

1^ 

o 

PL, 

DS 

n 

r/j 

« 

rr; 

tJ 

O 

flH 

W 

w" 

^ 

^ 

n 

M 

* 

^ 

SI 

b 

O 

O 

O 

^ 

z 

0 

W 

u 

m 

fr] 

0 

a 

^ 

J5 

« 

« 

Ph 

o 

J 

m 

< 

?? 

(C 

K 

HI 

M 

H 

w 

H 

Iz 

o 

<-l  ii  o 


!■!  <-i  -i-H 


1-1  i-H  O 


amiosqv  -ni-bg  'qi-J'i 


W 


fcn 


TESTS    OF    STEAM-TURBINE    NOZZLES 


1185 


manipulating  the  valves  leading  to  the  pump  and  condenser.  A 
third  operated  the  micrometer  screw  which  registered  the  spring  ex- 
tension and  thus  held  the  multiplying-needle  opposite  an  index  at 
the  center  of  its  travel.  A  fourth  and  sometimes  a  fifth  man  read 
gages,  and  one  man  was  generally  occupied  in  moving  about  behind 
the  observers  to  check  observations. 

35     As  the  reaction  of  the  jet  forced  the  chamber  B  back  against 


12/20  and  2l/'07       l/22  and  SS/'OS      ii/u  and  IS/'OS  2/18  i.nd  is/'i)8  2/21  and  £2/'08 

Fig.  11     Preliminary  Reaction  Tests 


the  tension  of  the  spring,  the  micrometer  screw  was  worked  forward 
until  the  tension  in  the  spring  balanced  the  reaction  and  the  multi- 
plying-needle indicated  that  B  was  swinging  freely  in  the  central 
position.  When  the  needle  remained  quiet  for  an  instant  in  this 
position  the  observer  gave  a  signal  and  the  thermometer  and  gages 
were  read  simultaneously.  After  each  reading  the  steam  was  shut 
off,  and  the  position  of  the  micrometer  screw  with  the  needle  in  the 
central  position  was  noted.     The  difference  between  this  position  and 
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that  when  the  steam  was  flowing  gave  the  elongation  of  the  spring 
due  to  the  reaction. 

36  It  will  be  noted  that  friction  has  been  entirely  eliminated  in 
this  apparatus,  except  for  the  trifling  amount  due  to  the  movement 
of  the  multiplying-needle. 

CALCULATION    FOR   EFFICIENCY 

37  A  series  of  preliminary  reaction  tests  was  run  on  all  of  the  noz- 
zles with  the  result  that  nozzles  No.  11  and  No.  14  were  selected  as 


4/24  and  25/O8 


4/2/'08 


Fig.  12     Comparison    of    Tests  on  Nozzles  14,  15  and  16  with  those  on 
Nozzles  11  and  18 


representative  for  future  tests.  The  results  of  the  preliminary  tests 
upon  these  nozzles  are  given  in  Fig.  11.  Exhaustive  tests  of  long 
duration  were  then  made  upon  nozzles  No.  11  and  No.  14  with  the 
results  shown  in  Fig.  13  and  Fig.  14,  and  in  Tables  3  and  4.  Fig. 
12  shows  the  comparative  results  of  certain  of  the  tests. 

38     In  Fig.  11  and  Fig.  12  the  reactions  in  pounds  absolute  are 
grouped  together  horizontally.     The  reactions  are  shown  for  each 
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of  the  four  initial  pressures.  The  vertical  scale  is  four  lines  to  the 
pound.  The  horizontal  scale  is  not  important,  the  initial  pressures 
being  placed  diagonally  over  each  other  as  a  matter  of  convenience. 
The  diagonal  lines  connect  the  reactions  of  a  single  nozzle  at  the 
various  pressures.     The  arrowheads  indicate  whether  the  reactions 

TABLE  3     COMPUTATION  OF  EFFICIENCY,  NOZZLE  NO.  11 


I.  p. 

Abs. 

T.  P.  Lbs. 

PER  SQ. 

Reaction 

Flow 
Lbs. 

Flow 
Lbs. 

Vel. 

B.T.U., 

B.T.U.2 
Table 

Epf. 
% 

In.  Abs. 

PER  Hr. 

PER  Sec. 

145 

0.929 

18.134 

553 

0.1536 

3796 

288.0 

317.4 

90,75 

145 

1.029 

17.974 

553 

0.1536 

3763 

283.0 

312.5 

90.55 

145 

0.829 

18.294 

553 

0.1536 

3830 

293.1 

322.7 

90.84 

145 

0.929 

18.134 

558 

0.1550 

3762 

282.9 

317.4 

89.13 

145 

0.929 

18.134 

548 

0.1522 

3831 

293.3 

317.4 

92.41 

145 

0.929 

18.234 

553 

0.1536 

3817 

291.2 

317.4 

91.75 

145 

0.929 

18.034 

553 

0.1536 

3776 

284.9 

317.4 

89.75 

130 

0.832 

16.244 

498 

0.138.-^ 

3776 

285.0 

315.4 

90.36 

115 

0.735 

c  14.351 

442 

0.1228 

3759 

282.4 

313.6 

90.03 

100 

0.638 

12.45 

385 

0.1069 

3744 

280.1 

311.5 

89.91 

100 

0.738 

12.29 

385 

0.1069 

3696 

273.0 

304.6 

89.63 

100 

0.538 

12.61 

385 

0.1069 

3792 

287.4 

319.5 

89.94 

100 

0.638 

12.45 

390 

0.1083 

3696 

273.0 

311.5 

87.62 

100 

0.638 

12.45 

380 

0.1056 

3793 

287.5 

311.5 

92.29 

100 

0.638 

12.55 

385 

0.1069 

3774 

284.6 

311.5 

91.36 

100 

0.638 

12.35 

385 

0.1069 

3714 

276.6 

311.5 

88.47 

Assuming  2  per  cent  moisture 


145 

0.929 

18.134 

653 

0.1536 

3796 

288.0 

311.9 

92.35 

130 

0.832 

16.244 

498 

0.1383 

3776 

285.0 

310.0 

91.93 

115 

0.735 

14.351 

442 

0.1228 

3759 

282.4 

308.2 

91.62 

100 

0.638 

12.45 

385 

0.1069 

3744 

280.1 

306.1 

91.51 

B.t.u.  are  given  only  to  the  nearest  tenth,  and  for  this  reason  efficiencies  are  not  accurate  in 
second  decimal  place. 

B.t.u. 1  =  equivalent  of  kinftic  energy  of  jet  in  B.t.u. 
B.t.u. 2  =  available  heat  energy  of  steam. 


shown  on  that  line  were  taken  when  the  pressure  was  increasing  or 
decreasing.  The  circles  represent  the  actual  reactions  in  pounds 
as  plotted  from  the  tests.  Two  circles  occurring  together"  indicate 
that  two  independent  readings  of  the  reaction  were  taken  at  the 
same^time.  A  larger  circle  outside  the  small  one  indicates  the  read- 
ing preferred. 
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39  Fig.  13  shows  graphically  the  result  of  a  complete  series  of 
reaction  tests  on  nozzle  No.  11,  which  is  practically  the  same  as 
nozzles  Nos.  9  and  13.  The  vertical  scale  is  20  lines  to  the  pound, 
while  the  horizontal  scale  is  100  lines  to  the  pound.  The  full  diagonal 
lines  connect  together  the  observed  reactions  in  pounds  under  a 
varying  box  pressure.     The  horizontal  dotted  lines  connect  together 

TABLE  4     COMPUTATION  OF  EFFICIENCY,  NOZZLE  NO.   14 
Showing  Effect  op  Erkok  in  Determination  of  Terminal  Pressure  Flow  or  Reaction 


I.  p. 

T.  P.  Lbs. 

Flow 

Flow 

B.T.U.2 

Err. 

Abs. 

PER  Sq. 

In.  Abs. 

Reaction 

Lbs. 
PER  Hr. 

Lbs. 
PER  Sec. 

Vel. 

B.T.U-i 

Table 

% 

145 

1.632 

17.821 

558 

0.15^0 

3698 

273.2 

289.8 

94.28 

145 

1.732 

17.721 

558 

0.1550 

3677 

270.2 

286.7 

94.23 

145 

1.532 

17.921 

558 

0.1550 

3718 

276.3 

293.0 

94.30 

145 

1.632 

17.821 

563 

0.1564 

3665 

268.4 

289.8 

92.61 

145 

1.632 

17.821 

553 

0.1536 

3731 

278.2 

289.8 

95.99 

145 

1.632 

17.921 

558 

0.1550 

3718 

276.3 

289.8 

95.34 

145 

1.632 

17.721 

558 

0.1550 

3677 

270.2 

,  289.8 

93.22 

130 

1.46 

15.977 

502 

0.1394 

3685 

271.3 

288.2 

94.15 

115 

1.288 

14.147 

446 

0.1239 

3672 

269.5 

286.5 

94.07 

100 

1.116 

12.295 

389 

0.1081 

3659 

267.6 

284.7 

93.99 

100 

1.216 

12.195 

389 

0.1081 

3630 

263.3 

280.3 

93.92 

100 

1.016 

12.395 

389 

0.1081 

3689 

272.0 

289.3 

94.01 

100 

1.116 

12.295 

394 

0.1094 

3613 

260.8 

284.7 

91.62 

100 

1.116 

12.295 

384 

0.1067 

3707 

274.6 

284.7 

96.45 

100 

1.116 

12.395 

389 

0.1081 

3689 

272.0 

284.7 

95.53 

100 

1.116 

12.195 

389 

0.1081 

3630 

263.3 

284.7 

92.47 

Assuming  2  per  cent  moisture 


145 

1.632 

17.821 

558 

0.1550 

3698 

273.2 

284.7 

95.97 

130 

1.46 

15.977 

502 

0.1394 

3685 

.  271.3 

283.1 

95.84 

115 

1.288 

14.147 

446 

0.1239 

3672 

269.5 

281.5 

95.74 

100 

1.116 

12.295 

389 

0.1081 

3659 

267.6 

279.7 

95.67 

B.t.u.  are  given  only  to  the  nearest  tenth,  and  for  this  reason  efficiencies  are  not  accurate  in 
second  decimal  place. 

B.t.u. I  =  equivalent  of  kinetic  energy  of  jet  in  B.t.u. 
B.t.u. 2  =  available  heat  energy  of  steam. 

the  same  reactions  after  being  corrected  for  the  difference  in  pres- 
sure between  the  box  and  the  muzzle  of  the  nozzle.  The  dotted 
diagonal  line  represents  the  pressure  in  the  muzzle  of  the  nozzle  as 
found  with  the  search  tube  and  is  plotted  to  the  same  horizontal 
scale  as  the  box  pressure.  When  the  box  and  terminal  pressures 
are  the  same  the  apparent  and  corrected  reactions  are  the  same,  as 
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is  shown  by  the  intersection  of  the  three  lines.  As  the  box  pressure 
increases  above  that  point  where  the  terminal  and  box  pressures 
were  the  same  the  apparent  reaction  falls  below  the  true  reaction, 
and  as  the  box  pressure  falls  below  that  point  where  the  terminal 
and  box  pressures  were  the  same,  the  apparent  reaction  rises  above 
the  true  reaction.  As  an  example,  the  terminal  pressure  at  115  lb. 
initial  pressure  is  approximately  0.7341  lb.  When  the  box  pressure 
was  increased  to  0.89  the  apparent  reaction  was  14.10  lb.  To  this 
apparent  reaction  was  added  the  correction  factor  (difference  in 
pressure  X  area  of  muzzle)  to  give  the  corrected  reaction  0.14.351. 
Fig.  14  is  like  Fig.  13,  the  values  being  for  nozzle  No.  14. 

40  The  method  of  calculation  may  be  illustrated  by  the  follow- 
ing from  nozzle  No.  14  with  an  absolute  initial  pressure  of  145  lb.  per 
sq.  in.  The  terminal  pressure  (See  Fig.  10)  is  1.662  lb.  per  sq.  in., 
and  deducting  0.03  this  becomes  1.632  lb.*  per  sq.  in.  The  reaction 
(Table  1)  is  17.821  lb.     The  flow  is  558  lb.  per  hr.  or  0.155  lb.  per  sec. 

reaction  X  Q  17.821  X  32.16 

Velocity  =  F=  „ ^ ~~  = ^r-— =3697.6  ft. 

•^  flow  (lb.  per  sec.)  0.155 

per  sec. 

72  3697.62 

B.t.u.,  =  kinetic  energy  of  iet= — r-  =  ~ ^"^-.„-     „_o  =  273.22 

^  6.^      J         2(7  X  778      2  X  32.16  X  778 

B.t.u.2  =  available  energy  (from  steam  table)  =  289.8 

B.t.u.,       273.22 

Efficiency  =  ^^rr —  =  ^o^rTo    =  0.9428  or  94.28  per  cent 
rJ.t.U.j        289.8 

41  If  the  terminal  pressure  had  been  determined  as  1.732  and  no 
other  factor  changed,  the  true  reaction  as  calculated  would  have 
been  17.721  instead  of  that  shown  in  Table  3  and  the  resulting  efficiency 
would  be  94.23  per  cent. 

42  If  the  flow  had  been  determined  as  563  lb.  per  hr.  with  no  other 
change  of  values  the  efficiency  would  have  figured  92.61  per  cent. 

43  A  reaction  of  17.921  without  other  change  would  have  given 
an  efficiency  of  95.34  per  cent. 

44  If  we  assumed  2  per  cent  of  moisture,  the  efficiency  would  figure 
as  95.97  per  cent. 

45  The  efficiency  was  also  calculated  by  the  search-tube  method, 
by  first  plotting  curves  (similar  to  those  shown  in  Fig.  15)  showing 
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the  relation  between  pressure  and  rate  of  flow  per  unit  area  of  section, 
with  adiabatic  expansion  and  with  various  percentages  of  friction 
loss.  The  pressure  and  flow  found  by  experiment  were  then  plotted 
on  this  chart  and  the  efficiency  determined  graphically  by  comparison. 
46  The  chart  in  Fig.  15  was  designed  for  finding  the  nozzle 
efficiency  by  the  search  tube  method.  The  vertical  scale  is  four 
lines  to  the  pound.  The  horizontal  scale  is  10  lb.  per  hour  per  line. 
The  chart  shows  the  relation  between  the  flow  in  pounds  per  square 
inch  of  section  and  the  pressure  in  any  section  of  the  nozzle,  assum- 
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Fig.  15    Pressure-Flow  Chart 


ing  adiabatic  expansion  for  the  lower  curve  and  5  per  cent  loss  of 
heat  for  the  upper  one.  The  data  for  plotting  these  curves  was 
obtained  from'^^the  steam  tables.  By  plotting  the  observed  values 
of  pressure  and  flow  upon  these  sheets  we  are  able  to  obtain  a  graphic 
solution  for  efficiency.  For  example,  in  the  case  of  nozzle  No.  9  the 
terminal  pressure  at  100  lb.  initial  pressure  was  found  to  be  0.638 
lb.  per  sq.  in.  and  the  corresponding  flow  in  pound  per  square  inch 
of  section  is  238  ±.  From  the  chart,  assuming  adiabatic  expansion, 
under  terminal  pressure  "of  0.638  the  flow  would  be  248  lb.  and 
238/248  is  approximately  96  =  the  efficiency. 
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TABLE   5     SUMMARY   OF  CALCULATIONS   OF  EFFICIENCY   FOR   NOZZLES  9,  11, 

13  AND   14 


I.  P.  Lbs. 

T.  P. 

Flow 

Reac- 

Theoret. Calcul. 

Theoret 

Calcul. 

Nozzle 

PER  SQ. 

Lbs.  per 

Lbs.  per 

tion 

B.T.U.         B.T.U. 

Vel.  Ft 

Vel.  Ft. 

Eff. 

No. 

In.  Abs. 

Sq.  In. 
Abs. 

Hour 

Pounds 

per  Lb. 

per  Lb. 

PER  Sec 

PER  Sec. 

% 

9 

100 
115 
130 
145 

100 

0.638 
0.735 
0.832 

385 
442 
498 

96.1 

96.3 

96.0 

0.929          5.53  "* 

' 

95.5 

11 

0.638 

385 

12.45 

311.5 

280.1 

3948 

3744 

89.9 

115 

0.735 

442 

14.351 

313.6 

282.4 

3962 

3759 

90.0 

130 

0.832 

498 

16.244 

315.4 

285.0 

3973 

3776 

90.4 

145 

0.929 

553 

18.134 

317.4 

288.0 

3985 

3796 

90.7 

.       13 

100 
115 
130 
145 

100 

1.116 
1.288 
1.46 

389 
446 
502 

98.3 

97.9 

1 

97.5 

1.632          .5.=i8 

97.1 

14 

1.116 

389 

12.295 

284.7 

267.6 

3774 

3659 

94.0 

115 

1.288 

446 

14.147 

286.5 

269.5 

3796 

3672 

94.1 

130 

1.46 

502 

15.977 

288.2 

271.3 

3798 

3685 

94.2 

145 

1.632 

558 

17.821 

289.8 

273.2 

3808 

3698 

94.3 

TABLE    6    EFFECT    OF    ERROR    IN  OBSERVATIONS 

Nozzle 
No. 

Error  in  Observation 

Corresponding    %    Error   in 
Efficiency 

+ 

_ 

+ 

_ 

9 

0.1  lb.  per  sq.  in. 

Terminal   Pressure 

8.5    to  14.0 

11 

0.1  lb.  per  sq.  in. 

Terminal  Pressure 

0.03  to  0.3 

13 

0.1  lb.  per  sq.  in. 

Terminal  Pressure 

5.4  to 

9.2 

14 

0.1  lb.  per  sq.  in. 

Terminal  Pressure 

0.02  t 

o  0.07 

9 

5  lb.  per  iir. 

Flow                        1.0  to   1.6         1 

11 

5  lb.  per  hr. 

Flow 

1.6    tc 

2.4 

13 

5  lb.  per  hr. 

Flow 

1.1   to   1.5 

14 

5  lb.  per  hr. 

Flow 

1.67  to 

2.46 

9 

2% 

Dryness    Factor 

0.9  to  0.6 

11 

2% 

Dryness    Factor 

1. 

6 

13 

2% 

Dryness    Factor             0.9  to  0.7 

14 

2% 

Dryness    Factor 

1. 

7 

11 

0.1  lb. 

Reaction                     1.0  to   1.45 

14 

0.1  lb 

Reaction              ] 

1.051 

o  1.54 

Note. — An  error  of +  0.1  lb.  would  be  caused  in  the  calculated  reaction  by  an  error  of +  0.1 
lb.  per  sq.  in.  in  the  box  pressure-reading  of  No.  14  or  by  an  error  of  +  0.0628  lb.  per  sq.  in. 
jn  the  box  pressure-reading  of  No.  11. 
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RESULTS    AND    CONCLUSIONS 

47  Table  5  gives  a  summary  of  the  calculations  for  nozzles  No. 
9,  11,  13  and  14,  and  Table  6  a  summary  showing  what  would  be  the 
effect  of  error  in  the  observed  values.  The  discrepancy  between  the 
efficiencies  calculated  for  the  search-tube  and  the  reaction  nozzles 
is  principally  due  to  the  great  difference  in  the  effect  on  the  two  meth- 
ods of  calculation  of  a  small  error  in  termijial  pressure.  An  increase 
of  only  2^0  lb.  per  sq.  in.  over  the  value  used  would  cover  the  dis- 
crepancy. Corrections  for  any  slight  condenser  leak  which  may 
have  existed  would  decrease  the  flow  values  and  bring  the  calculated 
efficiencies  closer  together. 

48  The  terminal  pressures  chosen  were  the  minimum  observed 
values.  The  dryness  factor  was  assumed  as  100  per  cent.  Assum- 
ing a  2  per  cent  moisture  would  make  the  calculated  efficiencies  for 
No.  13  and  No.  14  very  nearly  equal,  and  very  materially  reduce  the 
difference  between  No.  9  and  No.  11. 

49  In  consideration  of  the  above,  taken  in  connection  with  Tables 
2  ai>d  3,  we  may  assume  that  the  values  91.5  per  cent  for  No.  9  and 
No.  11,  and  95  per  cent  for  No.  13  and  No.  14,  are  probably  within 
2  per  cent  of  the  true  eflSciencies.  No.  15  and  No.  16  show  a  trifle 
less  reaction  than  No.  14  but  the  flow  also  appears  to  be  a  trifle  less, 
and  there  is  not  sufficient  ground  for  assuming  any  difference  between 
the  efficiencies  of  these  three  nozzles.  Neither  is  there  any  appreci- 
able difference  in  Nos.  10, 11  and  12.  No.  18,  with  a  greater  flow  and 
less  reaction  than  No.  11,  shows  an  efficiency  of  about  three  per  cent 
less.  Since  no  appreciable  difference  in  efficiency  is  shown  either  with 
a  variation  in  cone  angle  from  9  deg.  to  20  deg.,  or  with  the  variations 
in  contour  shown  in  nozzles  No.  15  and  No.  16,  smoothness  of  finish 
would  appear  to  be  a  much  more  important  factor  than  contour. 
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By  W.  p.   Cainb,  Enslby,  Ala. 
Associate  Member  of  the  Society 

In  considering  the  conservation  of  steam-power  equipment  for 
driving  rolling  mills,  we  must  take  into  account  the  two  methods  of 
rolling :  the  two-high  mill  driven  by  a  reversing  engine,  and  the  three- 
high  mill  driven  continuously  in  one  direction;  and  the  relative  amount 
of  power  required  for  each. 

2  There  is  very  little  variation  in  the  type  used  for  each  class  of 
mill.  Twin  engines  are  used  for  two-high  mills  and  single  engines  for 
three-high  mills,  usually  tandem  compounds. 

3  The  reversing  engine  for  the  two-high  mill  must  be  powerful 
enough  to  take  care  of  the  engine  and  mill  friction  and  the  maximum 
torque  produced  by  the  piece  in  the  rolls  in  any  position.  As  these  en- 
gines are  usually  twin  engines  with  cranks  at  90  deg.,  each  side  must  be 
capable  of  doing  the  work  alone  when  the  other  side  is  on  the  dead 
center. 

4  In  determining  the  size  and  distribution  of  the  metal  in  engines 
of  this  type  it  is  the  custom  to  make  the  dimensions  a  little  larger  and 
the  parts  a  little  heavier  than  have  been  used  before  for  the  same  work. 
Reciprocating  parts  are  made  heavier  to  stand  the  shocks,  thereby 
increasing  their  inertia,  and  making  necessary  heavier  frames,  bed- 
plates, bearings  and  pins,  as  well  as  more  rigid  adjustments,  which  in 
turn  require  more  attention. 

5  As  an  example  of  the  power  sometimes  used  for  an  engine  of  this 
type,  a  certain  engine  may  be  cited  which  was  fully  capable  of  deliver- 
ing 25,000  h.p.  while  the  actual  average  work  on  the  steel  passing 
through  the  mill  could  not  have  required  more  than  2000  h.p.  at  the 
maximum  capacity  of  the  mill.  The  engine  and  mill  friction,  if  the 
mill  were  driven  continually  in  one  direction,  would  not  fall  much  short 
of  1000  h.p.  Assuming  that  each  reversal  would  absorb  50  h.p., 
and  that  there  were  ten  reversals  per  minute,  500  h.p.  would  be  con- 
All  papers  are  subject  to  revision. 
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sumed  in  this  way.     The  total  average  work  of  the  engine  was  thus 
about  3500  h.p.,  only  one-seventh  of  its  capacity. 

6  As  the  three-high  mill  is  driven  continually  in  one  ditection, 
the  energy  stored  in  the  flywheel  makes  it  possible  to  do  the  same 
work  with  considerably  less  than  one-half  the  maximum  power 
required  in  the  former  case,  the  amount  depending  upon  the  size  and 
weight  of  the  flywheel.  The  greater  the  amount  of  energy  the  wheel 
can  store  up,  the  closer  can  the  maximum  power  required  approach 
the  average  work  of  the  mill,  resulting  in  the  more  economical  use 
of  steam  and  a  lower  cost  of  equipment. 

7  Mill  designers  do  not  always  give  sufficient  consideration  to  this 
fact  and  operators  have  to  deal  later  with  high  steam  cost  and  diffi- 
culty in  keeping  the  proper  steam  pressure.  Of  course,  there  are 
other  features  to  be  considered,  but  economical  use  of  power  is  a  very 
important  item. 

S  Fur  driving  a  three-high  mill  a  twin  engine  of  the  cross-com- 
pound type  could  be  used  with  an  intercepting  valve  such  as  is  em- 
ployed in  locomotive  practice,  by  which  the  engine  could  be  started 
from  any  position  and  handled  by  a  cjuick-acting  throttle  valve,  so 
that  it  could  be  brought  to  a  standstill  as  soon  as  a  piece  passed 
through  the  rolls,  if  another  were  not  ready  to  enter  the  mill.  Such 
an  arrangement  would  go  a  long  wa}^  towai'd  answering  one  of  the 
principal  arguments  in  favor  of  the  two-high  mill:  that  its  engine 
uses  steam  only  when  the  piece  is  on  the  mill. 

9  If  an  engine  of  the  type  descril^ed  be  furnished  with  a  very 
heavy  flywheel  located  between  the  engine  and  the  mill,  the  shocks 
due  to  the  piece  striking  the  rolls  will  be  taken  verylargely  by  the  fly- 
wheel and  not  by  the  engine.  Furthermore,  if  the  engine  were  so 
designed  that  it  could  not  work  through  the  wide  range  of  steam 
admission,  as  is  the  current  practice,  the  abnormal  amount  of  com- 
pression now  necessar}^  would  be  cut  down  to  a  large  extent,  the 
parts  of  the  engine  would  be  strained  less,  and  the  engine  would  run 
with  greater  steam  economy  owing  to  the  cutting  out  of  the  high 
release  pressure  during  heavy  work  and  the  reduction  of  the  number 
of  strokes  during  the  period  of  negative  work. 

10  Going  into  the  details  of  operation  of  an  engine  driving  a  three- 
high  mill,  we  find : 

a    That  the  engine  first  develops  just  enough  power  to  take 
care  of  the  friction  of  engine  and  mill. 

11  If  the  engine  wei'e  running  at  a  constant  speed  during  this 
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period,  just  enough  steam  would  be  admitted  to  the  cylinder  at  each 
revolution  to  do  the  work  with  the  least  poss'ible  variation  of  cut-off, 
resulting  in  the  most  economical  use  of  the  steam.  The  more  the 
speed  varies  the  greater  the  amount  of  steam  required  per  horsepower 
developed. 

12  A  constant  speed  is  also  desirable  for  another  reason;  namely, 
the  available  energy  stored  in  the  flywheel  is  always  normal  under 
these  conditions,  whereas  with  a  varying  speed  it  would  be  below  the 
normal  about  one-half  the  time.  Should  the  piece  strike  the  rolls 
when  the  steam  pressure  is  low  and  the  steel  cold,  the  engine  would 
be  more  liable  to  stall  if  the  stored  energy  were  below  normal  than  if 
it  remained  constant. 

b  Next,  the  piece  strikes  the  rolls. 

13  The  initial  force  of  this  blow  is  absorbed  by  the  flywheel  and 
the  speed  of  the  engine  is  reduced  in  consequence.  When  this  has 
dropped,  say  four  or  five  revolutions,  the  governor  has  probably  so 
adjusted  the  steam  valves  that  the  engine  is  developing  its  maximum 
power  and  the  valves  will  remain  in  this  adjustment  until  the  engine 
is  nearly  up  to  speed  again.  During  this  time  the  release  pressure 
will  be  high,  making  it  necessary  to  carry  a  very  high  compression, 
conditions  under  whic^i  a  non-condensing  engine  will  make  the  most 
noise.  Further,  if  the  steam  going  to  waste  were  utilized  the  engine 
would  be  capable  of  doing  about  one-third  more  work. 

c  Next,  the  piece  leaves  the  rolls. 

14  On  many  passes  the  engine  is  receiving  the  maximum  amount 
of  steam  at  this  instant  and  the  flywheel  absorbs  energy  through  the 
increase  of  speed  above  normal.  ,  In  the  writer's  opinion,  this  is  the 
time  when  nearly  all  of  the  failures  of  flywheels  on  rolling  mill  engines 
occur,  and  anything  that  can  be  done  to  cut  down  the  amount  of 
energy  to  be  absorbed  by  the  wheel  at  this  time  will  increase  the  safety 
of  the  engine  and  decrease  the  repairs  on  the  engine  and  mill. 

15  Having  in  most  cases  reached  the  highest  point  of  speed,  the 
governor  will  shut  off  steam  entirely  from  the  cylinder,  the  engine  will 
slow  down  to  several  revolutions  below  normal  speed  before  sufficient 
steam  will  be  admitted  to  increase  this  speed  again  and  the  result  will 
be  a  wide  range  of  the  speed  variation  during  the  first  period  when  the 
engine  has  simply  to  overcome  its  own  friction  and  that  of  the  mill. 

16  The  operations  outlined  in  the  foregoing  are  very  complicated 
when  two  or  more  passes  occur  at  the  same  time. 
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17  The  results  of  a  study  of  the  above  details  of  operation  of  the 
No.  1  rail  mill  engine  driving  the  four-pass[roughing  rolls  at  the  Ensley 
Rail  Mill  of  the  Tennessee  Coal  Iron  and^Railroad  Company,  during 
a  series  of  tests  show  how  great  a  difference  in  the[performance  of  the 
engine  the  writer  was  able  to  obtain  with  one  adjusting  screw  added 
to  the  governor. 


Fig.  1     Showing  Location  and  Function  oj?  the  Adjusting  Screw  D  on  the 

Governor 


18  The  engine  is  a  Reynolds  Corliss,  52  in.  by  72  in  non-condens- 
ing, equipped  with  a  long-range  cut-off  valve  gear. 

19  Fig.  1  shows  the  location  of  the^adjusting  screw  D  on  the 
governor.  Its  purpose  is  to  prevent  the^governor  from  dropping  to 
position   A  which  would  allow  the  maximum  amount  of   steam  to 
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reach  the  cylinder,  as  determined  by  the  valve  gear.  In  this  case  the 
steam  was  admitted  nearly  three-quarters  of  the  stroke  with  the 
governor  in  this  position.  When  the  pin  is  in  position  C  the  steam  is 
entirely  cut  off.  The  screw  D  was  adjusted  very  slowly  while  the 
engine  was  under  load  to  determine  the  most  advisable  position  B. 

20  This  position  must  be  at  a  point  such  that  the  engine  will 
carry  an  average  load  and  also  will  not  stop  under  a  heavy  load.  It 
can  readily  be  seen  that  by  reducing  the  range  of  adjustment  of  steam 
distribution  the  engine  will  operate  with  more  economical  steam 
consumption  and  the  greatest  strains  on  the  engine  and  mill  will  be 
reduced. 

21  The  degree  of  success  attained  by  this  adjustment  may  be 
judged  somewhat  by  the  accompanying  continuous  indicator  cards 
and  tachometer  speed  curves.  Card  and  curve  marked  A  (Fig.  2) 
were  taken  together  before  the  attachment  was  used.  Card  and 
curve  B  (Fig.  3)  were  taken  when  the  attachment  was  in  use. 

22  The  speed  curves  were  made  by  a  recording  tachometer  which 
the  writer  rigged  up  from  a  Schaeffer  &  Budenberg  indicating  tacho- 
meter. 

23  This  indicating  instrument  was  mounted  on  a  plate,  a  bevel 
gear  being  fastened  to  the  end  of  its  driving  shaft,  which  in  turn  drives 
a  shaft  with  a  worm  at  one  end.  The  worm  shaft  is  mounted  on  a 
bracket  which  will  swing  out  of  gear,  thus  disconnecting  the  indicating 
instrument  if  desirable.  The  worm  wheel  driven  by  the  worm  shaft 
runs  loose  on  one  of  the  paper-feed  rolls  and  when  a  record  is  to  be 
taken  a  small  clutch  causes  the  worm  wheel  to  drive  the  rolls.  Two 
rolls  are  geared  together  and  a  third  acts  as  a  press  roll.  The  paper 
rolls  used  were  such  as  are  furnished  for  the  Uehling  pneumatic 
pyrometer. 

24  The  indicating  needle  on  the  original  tachometer  was  replaced 
by  a  longer  one  which  reached  to  the  paper.  A  pencil  was  attached 
to  the  end  of  the  new  needle  but  there  was  so  much  friction  that  the 
records  were  of  no  value,  so  a  small  tin  funnel  was  fastened  to  the 
needle  and  a  linen  thread  passed  through  the  hole  in  the  bottom, 
protruding  about  -J-  in.  The  ink  in  the  funnel  worked  down  the  thread 
to  the  paper  and  made  a  satisfactory  record. 

25  Below  the  paper-supporting  plate  is  a  vertical  plate  to  which 
are  fastened  two  electric  bells  with  the  gongs  removed  and  pencils 
substituted  for  the  clappers.  One  of  these  bells  was  operated  by  a 
contact  made  once  in  a  revolution  of  the  engine,  the  record  being 
shown  at  the  bottom  of  the  curve  A  (Fig.  2.)     As  it  was  very  evident 
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that  the  paper  would  always  feed  the  same  amount  at  each  revolution 
it  was  not  considered  necessary  to  use  this  device  each  time. 

26  The  other  bell  was  operated  on  a  circuit  that  had  two  gaps  in 
series,  one  of  which  was  closed  when  the  indicator  cards  were  started 
and  the  other  kept  closed  except  at  the  instant  an  observer  at  the  rolls 
indicated  the  start  and  stop  of  the  various  passes,  by  momentarily 
breaking  the  circuit  by  means  of  a  push  button.  This  last  feature  also 
appears  unnecessary,  as  the  speed  curves  have  a  pronounced  change 
of  direction  at  these  instants. 

27  From  card  A  it  will  be  noted  that  during  the  four  passes  there 
are  37  records  showing  that  the  engine  is  taking  steam,  and  22  records 
showing  that  it  is  not.  These  would  lead  one  to  think  that  if  every 
card  were  a  positive  one,  and  the  work  were  distributed  throughout 
the  entire  period  between  pieces,  and  the  mean  effective  pressure 
averaged,  there  would  be  a  more  economical  use  of  steam,  and  possibly 
with  a  heavy  flywheel  the  size  of  cylinder  could  be  reduced.  That 
would  be  the  ideal  condition,  which  cannot  be  realized,  however, 
because  of  three  changing  functions:  the  varying  time  between  pieces, 
the  varying  temperature  of  the  steel  and  the  varying  steam  pressure. 

28  Card  B,  Fig.  3,  shows  the  engine  doing  the  same  work  as  before, 
on  a  piece  of  the  same  length,  and  it  can  be  seen  that  the  work  is  dis- 
tributed over  34  revolutions  and  only  two  negative  cards.  With  the 
engine  running  as  this  card  shows,  it  is  a  comparatively  easy  proposi- 
tion to  set  the  valves  for  economical  steam  distribution  and  it  is  also 
much  easier  to  keep  the  rods  and  boxes  properly  adjusted.  The  low 
terminal  pressure  is  the  cause  of  the  engine's  running  much  more 
quietly  than  when  card  A  was  taken. 

29  The  indicated  steam  consumption  of  card  A  is  about  43  lb.  of 
steam  per  h.p.  per  hr.,  against  37  lb.  in  card  B,  a  saving  during  rolling 
periods  of  over  20  per  cent. 

30  Of  the  speed  curves,  curve  A  shows  that  during  the  friction 
load  the  engine  varies  from  66  to  73  r.p.m.,  with  an  average  of  about 
69  revolutions,  and  after  the  passes  the  speed  becomes  about  80  r.p.m., 
an  increase  of  11  revolutions  above  normal.  Curve  A  shows  also  that 
the  second  pass  is  the  heaviest  one  of  the  four,  the  speed  dropping  to 
51  r.p.m.  '^ 

31  Curve  B  indicates  that  during  friction  load  the  speed  varies 
only  about  3  r.p.m.,  and  that  the  highest  velocity  is  75  r.p.m.,  or  7 
above  normal.  Some  changes  were  made  on  the  rolls  between  the 
two  records  so  that  the  third  pass  was  as  heavy  as  the  second  and  the 
speed  drops  to  about  45  r.p.m.     These  curves  indicate  that  the  engine 
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could  be  speeded  up  to  about  75  r.p.m.  and  not  exceed  the  speeds 
used  before,  that  more  energy  was  stored  in  the  flywheel  and  that 
the  engine  would  not  drop  below  the  speed  shown  on  Curve  A. 

32  Referring  to  the  table,  the  constant  used  in  items  7  and  8 
is  the  foot-pounds  of  work  for  one  stroke  of  the  engine  at  1  lb.  mean 
effective  pressure. 

33  In  the  original  calculation  for  item  9  only  the  flywheel  was 
considered.  This  is  22  ft.  in  diameter,  weighs  about  130,000  lb. 
and  has  a  radius  of  gyration  of  about  7.4  ft.     Taking  the  formula 

energy   =   

and  altering  it  to  get  the  energy  stored  up  or  given  out  at  a  change 
in  velocity  of  one  revolution  per  minute  it  becomes 

wt.  wheel  /radmsjyration^^^y 

E  for  1  r.p.m.  = ^^ 60^econd^ / 

64.32 

Substituting  and  solving  with  the  values  given  above 

E  for  1  r.p.m.   =  1220  ft.-lb. 

As  the  energy  varies  as  the  square  of  the  velocity  we  Avould  use  the 
following  to  represent  the  amount  of  energy  involved  in  a  change  of 
velocity 

E  =  1220  n^^  -  w^^ 

in  which  n^  is  the  higher  number  of  revolutions  of  the  engine  and  Wj 
the  lower  number.  In  checking  this  up  against  indicator  card  and 
speed  curve  results  on  friction  alone,  it  became  evident  that  1180 
was  the  proper  constant  to  use  to  include  the  inertia  effects  of  the 
mill  and  reciprocating  parts. 

34  The  constant  in  item  12  was  the  average  foot-pounds  of  work 
per  revolution  during  the  friction  period  as  calculated  from  the  indi- 
cator cards.     The  slide  rule  was  used  in  making;  the  calculations. 


COOLING  TOWERS  FOR  STEAM  AND  GAS- 
POWER  PLANTS 

WITH    PARTICULAR   REFERENCE  TO   THE   POSSIBILITIES  OF  THE 
NATURAL-DRAFT  AND  AUXILIARY-DRAFT  TYPE 

By  J.  R.  BiBBiNS,  New  York 
Member  of  the  Society 

The  object  of  this  paper  is  to  bring  to  the  attention  of  the  members 
of  the  Society  a  subject  which  has  received  relatively  little  attention 
in  the  past,  but  which  the  author  believes  merits  the  careful  study  of 
all  engineers  interested  in  future  power-plant  development.  The 
cooling  tower  has  been  looked  upon  as  a  makeshift,  and  its  use  has 
been  correspondingly  restricted.  This,  however,  is  largely  due  to 
the  extremely  limited  information  of  an  exact  or  technical  nature, 
relative  to  the  possible  performance  under  unfavorable  weather  con- 
ditions, available  to  the  general  public,  as  well  as  to  the  somewhat 
uncertain  factor  of  depreciation.  And,  further,  it  is  the  author's 
belief  that  the  present  high  prices*  constitute  the  greatest  obstacle 
to  the  more  widespread  adoption  of  the  cooling  tower  in  both  tur- 
bine and  gas-power  plants. 

2  Believing  that  interest  may  be  aroused  in  this  subject  by  a 
more  widespread  dissemination  of  engineering  data,  the  author  will 
present  for  discussion  a  type  of  tower  with  which  some  personal 
experience  has  been  acquired,  and  suggest  a  type  of  combined  fan 
and  natural  draft  which  would  be  suited  to  most  efficient  running  on 
peak  as  well  as  light  loads.  It  is  not  the  intention  to  discredit  the 
cooling  tower  in  its  present  forms  but  rather  to  bring  about  a  more 
general  recognition  of  its  inherent  advantages. 

^  Some  recent  quotations  from  a  number  of  builders  of  forced-draft  towers 
suitable  for  a  load  of  several  thousand  kilowatts,  {not  including  the  motor  or 
engine  for  driving  the  fan),  ranged  between  $4.80  and  S6.93  per  kw.,  as  much 
as  the  entire  condensing  equipment. 

All  Papers  are  subject  to  revision. 
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PRESENT   FIELD 


3  There  is  a  continual  demand  for  cooling  towers  from  inland 
power  stations  where  the  condensing  water  supply  is  costly  or  re- 
stricted. Turbine-driven  plants,  as  a  rule,  operate  with  higher 
vacuum  than  those  engine-driven,  with  the  result  that  the  perform- 
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Fig.  1     Cycles  of  Average  Tempeeatdre  and  Humidity  at  Pittsburgh,  Pa. 


ance  demanded  of  the  tower  must  be  proportionately  better.  In  the 
past,  cooling  towers  have  generally  been  associated  with  badly  run 
plants  and  low  vacuum.  This,  however,  is  clearly  a  question  of  de- 
sign and  adaptation  and  not  an  inherent  fault.  To  be  sure,  service 
requirements  are  not  easily  met  (see  Fig.  1) .     Not  infrequently  atmos- 
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pheric  temperatures  of  90  deg.  to  100  deg.  fahr.  are  encountered,  with 
cooling  water  at  80  deg.  to  90  deg.  fahr.  and  humidity  above  85  per 
cent  saturation.  Yet  the  auxiHary  plant  must  be  moderate  in  bulk 
and  the  power  consumption  low.  Furthermore,  it  must  be  capable  of 
overload  capacity  to  tide  over  daily  peak  loads  and  periods  of  exces- 

TABLE  1     WEATHER  CONDITIONS.  PITTSBURGH,  PA. 


DATE 

AVERAGE     TEMPERATURE 
DEGREES    FAHR. 

AVERAGE    HTTMIDITT 
PER    CENT 

1904 
1905 
1906 

52.8 
52.1 
52.0 

73 
68 
70 

52.3 

70.5 

Mamixum  Temperature  and  Humidity  Ranges,  Summer  of  1906 


TEMPERATURE 

Days  in  Month 

AVERAGE      FOR 
MONTH 

ABOVE 

JUNE 

JULY 

AUGUST 

90  deg. 

2 

0.6 

85 

6 

9 

14 

10.5 

80 

8 

14 

10 

20.5 

75 

10 

6 

4 

27.7 

70 

5 

2 

1 

23.7 

Below 

Days  in  Month 

AVERAGE      FOR 

MONTH 

JUNE 

JULY 

august 

90  % 

3 

1 

3 

2.3 

80 

14 

10 

15 

13.0 

70 

8 

n 

11 

10.0 

60 

3 

8 

2 

4.3 

50 

2 

1 

1.0 

.  Below 

•• 

Data  from  Pittsburgh  Weather  Bureau. 


sively  hot  and  humid  weather,  and  all  of  this  with  small  investment 
cost. 

4  Curiously  enough,  there  is  an  active  demand  for  cooling  towers 
in  the  South,  e.  g.,  Florida,  where  the  atmospheric  conditions  are  the 
most  unsuitable;  also  in  the  Western  mining  and  coast  regions.     For- 
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tunately,  low  humidity  prevails  here,  as  a  general  rule  (e.  g.,  Colorado 
Springs  ranges  around  50  per  cent). 

5  In  power-gas  work,  the  demand  for  cooling  towers  is  especially 
pressing.  The  large  quantity  of  water  required  for  engine  jackets 
and  for  gas  cooling  and  washing,  entails  a  heavy  expense  if  water  is 
scarce  and  costly.  Gas-engine  discharge  water,  being  quite  pure, 
should  not  be  wasted,  but  cooled  and  returned  to  the  plant.  Even 
with  deep  well  pumps  supplying  sufficient  water  for  cooling,  a  station 


Fig.  2  4500-h.p.  Natural-Forced-Dhaft  Cooling  Towkr  at  Gary,  W.  Va., 
FOR  A  Low-Pressure  and  High-Pressure  Turbine  Installation 

THESE  TOWERS  HAVE  AUXILIARY  FANS  IN  THE  STACK  DRIVEN  BY  PELTON  WHEELS  AND  SMALL 
TURBINE-DRIVEN  ROTARY  PUMPS  LOCATED  IN  THE  POWER  STATION,  AND  OPERATE  WITH 
NATURAL    DRAFT    WHEN    NOT    HEAVILY    LOADED 


is  handicapped  by  a  large  expense  for  auxiliary  power  consumption. 
In  one  instance  of  an  Arizona  mining  plant,  the  only  water  available 
for  cooling  was  so  impure  as  to  make  it  necessary  to  install  a  com- 
pletely closed  cooling  system  for  the  engine  jackets,  in  which  no  evap- 
oration took  place,  simply  cooling  by  conduction.  In  city  light  and 
power  plants,  not  fortunate  enough  to  be  located  on  water  frontage, 
cooling  towers  built  upon  the  roof  have  been  utilized  for  engine  cool- 


COOLING    TOWERS   FOR    POWER    PLANTS 


1209 


Fig.  3     1500  h.p.  Open-Type  Steel  Tower  at  San  Luis  Potosi,  Mexico,  for 
A  Gas-Power  Central  Station 

ONE  TOWER  SERVES  THE  ENGINE  JACKETS,  THE  OTHER  THE  PRODXJCER  SCRUBBER.  THE  SIDES 
ARE  ENCASED  BY  WIRE  SCREEN  TO  REDUCE  THE  WATER  LOST  BY  WINDAGE.  COOLINQ,  10 
TO  30  DEG.       HUMIDITY  GENERALITY   LOW,   AROUND   50  PER  CENT, 
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ing.     The  expense  for  buying  city  water  for  this  purpose  would  other- 
wise be  prohibitive  except  in  large  plants. 


REPRESENTATIVE  INSTALLATIONS 


6     As  examples  of  present  cooling-tower  practice  in  connection 

with  high-grade  power  properties,  the  following  may  be  mentioned: 

a  At  Gary,  W.  Va.  (Fig.  2) ,  three  towers  25  ft.  in  diameter  by  18 

ft.  high  serve  a  plant  of  both  high  and  low-pressure  turbines 


Fig.  6     5800  h.p.   Natural  Draft  Wood  Construction  Tower    for  Steam 
Turbine  Plant  at  Butte,  Mont. 


recently  installed  in  connection  with  a  non-condensing 
engine  plant  furnishing  the  mines  with  light  and  power. 
A  unique  feature  is  the  induced-draft  fan  located  in  the 
stack  and  driven  by  a  Pelton  water  motor,  which  is  served 
in  turn  by  a  small  turbine-driven  centrifugal  pump  in  the 
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power  house.     This  equipment  will  be  referred  to  later 

in   connection   with   the   combined   natural-forced-draft 

type. 
b  The  13th  &  Mt.  Vernon  station  of  the  Philadelphia  Rapid 

Transit  Company  is  another  low-pressure  turbine  plant 

employing  forced-draft  cooling  towers. 
c  At  the  central  station  at  San  Luis  Potosi,  in  the  Mexican 

highlands  (Fig.  3),  separate  cooling  towers  serve  engine 

TABLE  2     WEATHER  CONDITIONS,  BUTTE,  MONT. 
Average  Temperature  and  Humidity,    1894-1904   (Weather  Bureau,  Helena,   Mont.) 


MONTH 

temperature 
degrees 

humidity 

PER   CENT 

MONTH 

TEMPBRATUBE 
DEGREES 

humidity 

PER  CENT 

January  

February  .... 

March 

April 

May 

23.7 
23.9 
28.3 
40.0 
49.0 

66.8 
68.6 

60.8           , 
54.3 
54.9 

July 

August.  . . . 
September. 
October  . . . 

Nnvember. 

62.8  45.3        ^ 

62.9  43.4 
.52.0                       53.6 
45.1            1            54.4 
33 . 7                       62 . 7 

52.0                            50.0                        Dpcprnhfr 

26.5                       70  5 

1 

Av.  for  year 

41.6 

58.9 

Temperature  Ranges 


BETWEEN 
DEGREES 

DAYS 

ABOVE 
DEGREES 

DAYS 

PER     CENT 
YEAR 

HOURS 

PER    CENT 
YEAR 

70-  75 

25 

70 

99 

27 

276 

3.15 

75-  80 

24 

75 

74 

20 

196 

2.22 

80-  85 

28 

80 

50 

13.7 

158 

1.8 

85-  90 

19 

1         85 

22 

0.6 

51 

.58 

90-  95 

2 

90 

3 

0.82 

9 

.097 

95-100 

1 

95 

1 

0.28 

1 

.01 

Total 

249 

67 

681 

7.9 

Data  from  M.  H.  Gerry.  Jr. 


and  producer  systems,  the  make-up  water  being  furnished 
from  deep  well  pumps.  This  plant  has  been  in  opera- 
tion since  1904. 

d  Western  plants  of  inexpensive  construction  are  the  Mt. 
Whitney  Power  Company  (Fig.  4),  and  the  Colorado 
Springs  Light  &  Power  Co.  (Fig.  5),  both  turbine  plants. 

e  Perhaps  the  best  example  of  the  adaptability  of  cooling 
towers  is  an  equipment  designed  and  built  by  the  Helena 
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Power  Transmission  Company  for  its  auxiliary  turbine 
station  at  Butte,  Mont.  (Fig.  6). 

7  This  latter  tower  was  made  the  subject  of  an  exhaustive  pre- 
liminary study,  and  subsequent  test,  by  the  company's  engineering 
organization,  and  through  the  courtesy  of  M.  H.  Gerry,  Jr.,  chief 
engineer  and  general  manager,  the  writer  has  been  able  to  place  the 
complete  report  at  the  disposal  of  the  Society  for  future  consideration. 
The  tower  (shown  in  Fig.  6)  serves  a  turbine  plant  of  4000-kw.  cap- 
acity at  28-in.  vacuum.  The  designers  state  that  after  two  years' 
experience  the  results  coincide  closely  with  the  theoretical  deductions 
made  before  its  construction. 

SPECIAL    PHASES    OF    COOLING    TOWER    OPERATION 

8  Two  important  factors  fortunately  contribute  to  the  effective 
operation  of  a  cooling  tower: 

a  One  factor  is  the  well-known  characteristic  of  a  natural- 
draft  tower  considered  as  a  '' chimney "^ — -increase  incap- 
acity with  increase  in  temperature  head  (see  Fig.  12). 

9  In  steam  work,  especially  with  high  vacuum,  the  general  range 
of  condenser-discharge  temperatures  is  relatively  low;  in  gas  work, 
on  the  other  hand,  it  is  high.  Pistons  are  today  operated  at  temper- 
atures of  140  deg.  to  160  deg.,  cylinders  from  120  deg.  to  150  deg., 
occasionally  higher.  Owing  to  the  small  volume  of  water  in  the 
minor  circuits,  such  as  valves,  packings,  etc.,  these  temperatures  have 
little  effect  upon  the  average  outlet  temperature  of  the  engine,  which 
ranges  from  115  deg.  to  130  deg.  in  the  large  engines,  and  140  deg. 
in  the  smaller  sizes  and  verticals.  This  would  correspond  to  a  very 
poor  vacuum  in  a  steam  plant,  not  more  than  24  in.  to  26  in.;  prac- 
tically out  of  the  question  in  turbine  work.  However,  this  high 
temperature  results  in  a  high  rate  of  heat  dissipation  in  the  tower  per 
unit  of  cooling  surface,  with  a  corresponding  reduction  in  bulk  of 
tower. 

b  The  second  factor  relates  to^developments  in  the  efficiency 
of  the  steam-condensing  plant. 

10  The  function  of  a  condenser  is,  primarily,  that  of  a  water  heater 
and  the  measure  of  its  efficiency  as  a  condensing  vessel  is  the  differ- 
ence between  the  temperature  of  the  exhaust  steam  and  that  of  the 
discharge  water.  A  theoretically  perfect  condenser  would  heat  the 
outgoing  cooling  water  exactly  to  the  temperature  of  the  incoming 
steam.     But  in  practice  from  10  deg.  to  50  deg.  difference  exists, 
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depending  upon  the  type  of  condenser  and  the  vohimetric  ratio  of 
water  to  steam.  A  good  surface  condensing  plant  with  dry-air  pump 
should  operate  at  28-in.  vacuum  with  a  temperature  difference  of  15 
deg.;  often  it  is  more,  and  the  author  has  seen  25  deg.  to  40  deg.  dif- 
ference in  some  of  the  largest  stations  in  the  country.  A  good  baro- 
metric or  centrifugal  jet  condenser,  with  dry-air  pump,  should  oper- 
ate with  a  temperature-difference  of  10  deg.  to  15  deg.  Although 
it  is  possible  for  this  type  to  operate  on  less — perhaps  5  deg.  to  10 
deg. — commercial  practice  rarely  concedes  such  results. 

11     A  very  recent  development  in  air  pumps  has  made  it  possible 
to  operate  on  still  smaller  difference,  from  2  deg.  to  5  deg.,  with  a 
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reasonable  water  ratio,  and  even  to  approximate  theoretical  condi- 
tions. All  this  is  in  the  right  direction.  The  smaller  this  tempera- 
ture differential,  the  higher  the  maximum  inlet  temperatures  per- 
missible for  a  given  set  of  conditions — both  water  to  condenser  and 
air  to  tower.  The  curves  in  Fig.  7  show  this  relation  in  approxi- 
mate form — vacuum  possible  with  varying  condenser  and  fixed  cool- 
ing tower  performance.  For  example,  with  28-in.  vacuum,  20  deg. 
differential  in  the  condenser,  water  ratio  60,  and  15  deg.  cooling  in  the 
tower,  the  highest  possible  temperatureof  out  side  air  would  be  65 
deg.  Fahr.     With  warmer  air,  the  vacuum  would  necessarily  fall. 
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Under  the  same  conditions,  with  10  deg.  differential,  a  maximum 
air  temperature  of  76  deg.  would  be  permissible;  and  with  5  deg.,  81 
deg.  inlet  air.  It  is  therefore  apparent  that  the  tendency  of  modern 
condenser  development  toward  higher  efficiencies  will  materially 
assist  in  the  successful  operation  of  cooling  towers  under  extremely 
adverse  conditions. 

ELEMENTS    OF    DESIGN 

12  The  most  important  elements  entering  into  the  design  may  be 
considered  under  the  following  heads;  having  special  reference  to  the 
enclosed  type  of  cooling  tower,  which  for  a  given  floor  space  has  by 
far  the  greatest  cooling  capacity: 

a  Type  of  cooling  surface, 
b  Water  distribution  system, 
c  Draft  and  air  distribution. 

13  Following  are  a  number  of  essential  points  that  seem  to  the 
writer  to  have  a  most  important  bearing  upon  any  type  of  tower 
designed  for  maximum  duty  and  efficiency. 

a  All  tortuous  or  unduly  obstructed  passages  should  be 
avoided.  It  is  of  no  advantage  to  give  ample  spacing 
in  one  part  of  the  tower  and  contract  it  in  another,  unless 
sufficient  stack  height  is  provided  to  overcome  the  addi- 
tional resistance. 

b  Avoid  free  falling  water.  It  should  be  distributed  so  as 
to  descend  clinging  to  some  form  of  wetted  surface. 

c  Avoid  open  spaces  in  the  mat  work,  usually  occurring  at 
points  where  it  is  difficult  to  fill  in  between  the  frame  of 
the  tower.  This  will  "short-circuit"  and  invariably 
diminish  the  effectiveness  of  the  working  sections. 

d  Reduce  working  section  to  minimum  possible  height,  add- 
ing extra  stack  if  necessary.  The  power  required  to 
elevate  the  water  is  important,  and  the  working  height 
of  the  tower  is  lost,  even  in  a  closed-condenser  circulating 
system. 

e  Baffles  or  variable  spacing  are  often  necessary  to  obtain 
uniform  air  distribution. 

/  A  settling  basin  of  liberal  depth  is  always  advisable  in 
order  that  entrained  air  may  separate.  In  all  jet-con- 
denser instalhations,  this  is  extremely  important  owing  to 
the  amount  of  air  returned  to  the  condenser;  and  even  in 
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surface  installations,  this  air  will  find  its  way  back  to  the 
condenser  via  the  feed  water:  result,  impaired  vacuum. 

g  All  wooden  mat  surface  is  subject  to  swelling.  Means 
should  be  taken  to  insure  permanent  alignment;  other- 
wise serious  reduction  in  draft  area  and  capacity  may  be 
encountered. 

h  For  maximum  effectiveness,  a  cooling  surface  is  required 
which  provides  uninterrupted  descent  of  water,  in  a  thin 
film  at  all  times  in  intimate  contact  with  ascending  air. 
If  any  interruption  is  necessary,  the  descending  sheet 
should  be  guided  into  place  to  avoid  free  fall. 

PRESENT  TYPES 

14  The  various  types  of  cooling  systems  now  in  use  naturally  group 
themselves  into  a  few  general  classes: 

a  The  simple  spiral-spray  nozzle  discharging  into  an  open  pond. 

15  A  prominent  example  is  the  10,000-kw.  Wyoming  Ave.  tur- 
bine station  of  the  Philadelphia  Rapid  Transit  Company,  where  this 
cooling  pond  is  employed  during  a  portion  of  the  summer  months. 
It  has  been  suggested  that  the  sprays  be  mounted  upon  the  power- 
station  roof,  thereby  taking  advan+age  of  the  inclined  surface  of  the 
roof  for  extra  cooling  effect,  suitable  gutters  returning  the  water 
to  the  cold  well.  There  might  be  some  hesitancy  about  installing 
a  reservoir  on  the  roof;  but  in  one  notable  instance,  the  recently 
designed  gas-power  station  of  the  Duquesne  Lighting  Company, 
Pittsburg,  Pa.,  the  roof  reservoir  forms  a  very  effective  part  of  the 
cooling  system.  Here  a  small  cascade  type  of  tower  assists  in  cool- 
ing. Without  other  agenc}^  this  simple  system  requires  only  10  to 
20  per  cent  make-up  water. 

h  The  simple  tray  type,  Fig.  3,  with  water  dripping  through 
perforations,  and  cooling  entirely  by  means  of  transverse 
air  currents  from  the  side. 

16  Here  no  direct  draft  is  possible,  and  the  tower  has  no  direct 
cooling  surface.  The  trays  operate  simply  to  arrest  the  fall  of  th<. 
water.  In  this  respect,  the  type  is  a  simple  mechanical  refinement 
of  a  ]'ough  frame  tower  filled  with  brush,  such  as  has  often  been 
employed  in  temporary  power  work.  It  is,  however,  comparatively 
inexpensive,  and  under  some  conditions,  may  be  utilized  to  advan- 
tage. The  tower  of  the  Potosina  Electric  Company,  San  Luis  Potosi, 
Mexico,  is  built  entirely  of  structural  materials  and  cools  from  10  deg. 
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to  30  deg.  with  very  low  humidities.  Although  encased  in  netting 
to  prevent  loss  by  spraying,  as  much  as  10  per  cent  of  the  volume 
passing  through  the  tower  is  carried  away  during  a  brisk  wind.  The 
inexpensive  construction  is  shown  in  Fig.  5,  using  horizontal  wire 
screens  instead  of  perforated  trays  and  without  wind  screens. 

c  The  simple  cascade  type,  constructed  either  of  wood  or  of 

corrugated  sheet,  in  which  a  considerable  part  of  the 

cooling  is  by  actual  conduction. 

17  In  the  case  of  the  original  gas  engine  service  plant  of  the  Union 
Switch  &  Signal  Co.,  Swissdale,  Pa.,  this  cascade  system  materially 
assisted  in  the  work  of  cooling  the  gas  engine  jacket  water,  but  the 
abstraction  of  heat  through  the  concrete  walls  of  a  large  reservoir 
was  largely  responsible  for  the  cooling.  This  cascade  system  seems 
to  have  been  overrated.  In  one  prominent  plant,  the  author  under- 
stands it  to  have  been  a  decided  failure;  in  any  form,  it  is  extremely 
primitive  and  not  in  accordance  with  effective  design. 

d  Another  representative  of  the  simple  types  of  construction 
is  the  multiple  cascade.     (See  Fig.  8.) 

18  Here  the  fall  of  water  is  simply  interrupted  at  short  intervals, 
and  no  cooling  surface  is  installed.  It  is  evident  that  successful 
operation  is  dependent  entirely  upon  the  accuracy*  with  which  the 
trajectory  of  the  falling  particles  can  be  predetermined  in  the  spac- 
ing of  trays  and  maintained  in  the  subsequent  operation  of  the  tower. 
This  would  require  an  absolutely  constant  head. 

19  The  tower  at  Colorado  Springs  (Fig.  4)  utilizes  the  construc- 
tion as  in  Fig.  8  6,  a  horizontal  slotted  surface  with  wind  shields  to 
prevent  spray  loss.  This  tower  gives  40  deg.  cooling  in  fair  weather. 
The  humidity  however  is  very  low,  around  50  per  cent  (relative.) 

e  Several  American  towers  are  constructed  simply  of  horizon- 
tal lattice  work,  usually  of  cypress,  the  numerous  tiers 
being  staggered  in  order  to  break  more  effectively  the 
fall  of  water.     (See  Fig.  8  c.) 

20  In  some,  the  upper  and  lower  faces  of  the  lattice  work  are 
beveled  to  lessen  the  resistance  of  descending  water  and  ascending 
air.  Cooling  water  is  distributed  by  atomizing  nozzles,  by  numerous 
spray  pipes,  or  by  Barker's  mill.^  This  type  evidently  d.oes  not  lend 
itself  readily  to  natural-draft  work,  owing  to  the  serious  resistance 
offered  to  the  draft  by  the  lattice  work. 

'  Radial  arm  distributor  propelled  by  lateral  reaction  of  its  own  jets. 
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Fig.  Sa,b,c,d    Types  of  Cooling  Surfaces  Employed  in  Various  Towers 


/  A  modification  of  the  multiple  cascade  system,  used  in  the 
German  tower  (Fig.  8  d),  endeavors  to  utilize  partly  the 
inclined  deflecting  surface  as  a  cooling  medium,  although 
it  is  a  question  whether  this  is  of  much  effect  owing  to 
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^  Discharge  Troughs  sloping 
to  center  of  tower 
Draught  area  restricted  50^  at  troughs 


Fig.  S  e,  f,  g    Types  of  Cooung  Surfaces 


the  fact  that  the  ascending  air  in  all  cases  impinges  on 
the  lower  surface  of  the  deflectors,  and  not  on  the  upper 
wetted  surface. 
g  Another  German  design  (Fig.  8  e),  which  has  been  intro- 
duced into  this  country,  advances  one  step  in  introducing 
vertical  cooling  surface  in  transverse  tiers.  But  most 
important  is  the  attempt  to  guide  the  water  downward 
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in  the  form  of  a  film,  by  forming  each  slat  with  a  saw- 
tooth edge,  meeting  the  lower  transverse  slats  and  guid- 
ing the  water  streams  thereon. 

21  The  designer  has  evidently  appreciated  the  necessity  of  avoid- 
ing free  fall  of  water  and  deliberately  piped  the  water  from  the  flume 
to  small  troughs  serving  the  upper  row  of  slats. 

22  An  American  builder  has  modified  this  system  (Fig.  8  k)  by 
practically  discarding  the  numerous  tiers  of  slats  for  vertical  ones 
extending  halfway  down  the  tower,  turning  them  90  dsg.  at  the 
middle  of  the  tower,  ostensibly  for  the  purpose  of  equalizing  air  dis- 
tribution. However  effective  this  may  be,  we  have  here  the  desir- 
iable  elements  of  continuously  wetted  surface  and  no  free  fall  of  water. 

h  A  well-known  American  type,  resembling  the  multiple- 
surface  German  tower  (Fig.  8  e) ,  employs  numerous  tiers 
of  galvanized  iron  or  tile  cylinders,  with  a  distributor  at 
the  top,  of  the  Barker's  Mill  type,  propelled  simply  by 
reaction  of  the  issuing  jets. 

23  Although  highly  effective  in  fan-type  towers,  there  is  much 
free  falling  water  owing  to  the  non-continuity  of  cooling  surface ;  and 
in  the  author's  experience,  there  is  some  objection  to  the  Barker's 
Mill  distributor  in  the  difficulty  of  maintaining  ball  bearings  in  proper 
condition.^ 

i  Several  builders  employ  continuous  galvanized-iron  sur- 
face from  top  to  bottom  of  tower,  either  in  the  form  of 
corrugated  sheathing  or  of  wire  mesh,  the  water  being 
carefully  guided  to  the  sheets  so  as  to  avoid  free  fall.  The 
principle  is  right.  With  the  close  spacing  permissible, 
a  most  intimate  contact  of  air  and  descending  film  may 
be  maintained. 

j  Coming  now  to  exclusively  wooden-mat  construction,  an 
example  of  the  attempt  to  combine  in  a  single  slat  con- 
struction all  the  above-mentioned  desirable  features,  is 
that  shown  in  Fig.  8  g. 

24  This  resembles  the  form  employed  by  Mr.  Gerry,  at  Butte, 
Mont.,  although  it  is  sketched  from  a  design  by  Mr.  Moser,  of  the 
Newhouse  Mines  &  Smelters  Co.,  Newhouse,  Utah.     This  tower  is 

1  In  a  Detroit  station,  the  entire  condensing  plant  lost  its  vacuum  on  several 
occasions  at  peak  load  owing  to  the  stoppage  of  this  distributor;  and,  finally, 
a  three-deck  phosphor-bronze  ball  bearing  had  to  be  designed  to  withstand  the 
corrosion  from  the  ascending  vapor. 
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Fig.  9     Experimental  Natural-Draft  Tower  at  Detroit,  Mich. 
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of  the  natural-draft  tj^pe  with  a  side  flume  communicating  with 
numerous  transverse  ducts  which  discharge  upon  continuous  vertical 
slats,  the  saw-tooth  construction  being  employed  to  guide  the  water 
on  to  the  wetted  surface.  At  the  bottom,  instead  of  allowing  the 
water  to  fall  freely  into  the  receiving  basin,  each  descending  sheet 
is  caught  in  a  small  trough  and  conveyed  to  the  center  of  the  tower, 
where  it  descends  without  retarding  the  ascending  current  of  air. 
These  distl'ibuting  troughs  reduce  the  effective  draft  area  of  the 
tower  by  about  40  per  cent;  but,  on  the  other  hand,  the  reduction  in 
area  is  fairly  uniform  throughout  the  tower,  and  the  area  correspond- 
ingly diminished.  That  this  type  is  extremely  effective  is  proved 
by  the  results  of  the  tests  at  Butte. 

LATH    MAT   CONSTRUCTION 

25  In  a  design  originated  in  Detroit,  Mich.,  shown  in  detail  in 
Fig.  9/  an  attempt  was  made  to  subdivide  the  cooling  surface  into 
sections  or  tiers,  while  maintaining  the  advantages  of  continuous 
vertical  surface.  This  it  was  thought  would  facilitate  the  construction 
and  repair  of  the  tower;  it  was  also  hoped  to  avoid  the  distortion  of 
the  mat  surface  occasioned  by  the  swelling'  of  the  timber,  which  it  is 
hard  to  avoid  when  long  slats  are  employed. 

26  This  tower  was  designed  under  the  direction  of  Alex  Dow, 
Mem.Am.Soc.M.E.,  general  manager  of  the  Detroit  Edison  Co., 
largely  in  order  to  try  out  the  natural-draft  type  under  conditions  of 
central  station  operation.  There  were  many  features  which  could 
have  been  improved  upon,  but  that  the  type  of  mat  surface  employed 
was  extremely  effective  is  shown  by  the  results  of  tests  made  in  1902.^ 
The  important  point  in  design  was  reduced  cost  of  construction. 
With  the  exception  of  the  sheet-steel  shell  furnished  by  a  local  boiler 

'  Described  in  Engineering  News,  March  20,  1902. 

"  For  example,  this  difficulty  was  experienced  in  a  large  gas-engine  cooling 
tower  in  Texas.  Plain  horizontal  platforms  were  used,  with  boards  spaced  far 
enough  apart  for  the  water  to  drip  through.  After  some  time  in  service,  the 
timber  had  swelled  to  such  an  extent  as  practically  to  close  off  two-tlairds  of  the 
tower,  deflecting  the  greater  portion  of  the  water  to  the  sides,  where  it  descended 
without  being  cooled  to  any  extent.  This  trouble,  of  course,  is  not  so  serious 
in  the  vertical  slat  tower;  yet  in  a  Boston  plant  employing  rough  boards  set 
vertically  on  edge,  the  boards  so  swelled  and  warped  that  they  practically  closed 
the  intervening  air  passages  at  certain  points.  This  distortion  may  be  noted  some- 
what in  the  Colorado  Springs  tower  (Fig.  5). 

5  Conducted  by  the  author  and  by  Messrs.  Armstrong  and  Kichardson. 
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maker,  the  tower  was  built  by  unskilled  labor  employed  about  the 
station,  and  its  total  cost,  including  shell,  concrete  and  brick  work, 
material  and  labor,  was  in  the  neighborhood  of  $1350,  serving  a 
1000-h.p.  engine-driven  plant.  The  shell  was  designed  self-support- 
ing with  an  independent  internal  frame  work  for  supporting  the 
weight  of  the  mass.  Wooden  sheathing  could  have  been  used  to 
good  advantage,  however,  and  the  entire  tower  constructed  by 
unskilled  labor. 

SKETCH   OF  LATH   MAT-ASSEMBLY 

All  Mats  installed  at  inclimitioii  of  s" 
Mat  tiers  incliue  allernalely  to  right  tind  left 


Backing  St  lip  supporting 
Mat  between  Joists 


X — V 

Efi'ective  Air  Opening 
between  Laths 


16  Latlis  per  Running  foot  of  Mat 

20  sq.  ft.  effective  cooling  surface  per  running  foot 

Fig.  10  a    Details  of  Sectional  Mat  Surface 


27  The  mat  surface  was  constructed  of  common  wood  lath, 
assembled  on  a  form,  with  iron  nails  protected  from  corrosion  by 
being  imbedded  in  the  wood.  Mat  details  are  shown  in  Fig.  10  a. 
These  lath  mats  produed  a  very  desirable  form  of  cooling  surface. 
The  rough  surface  kept  the  descending  stream  in  constant  agitation, 
and  there  was  sufficient  slope  to  prevent  free  falling  water  for  any 
great  distance,  and  also  to  constrain  the  ascending  air  to  slice  upward 
through  the  interstices,  thereby  bringing  into  use  both  sides  as  well 
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Fig   10  h    Details  of  Sectional  Mat  Surface 
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as  both  edges  of  the  lathe.  Thus  a  cooHng  surface  of  approximately 
20  sq.  ft.  per  running  foot  of  lath  mat  was  obtained.  The  various 
tiers  were  readily  assembled  in  succession,  working  from  the  shell 
inward  until  full.  Uniform  water  distribution  was  effected  by  means 
of  the  pipe-spray  system,  with  laterals  spaced  like  the  mats  below. 
28  Two  series  of  tests^  were  made  at  Detroit  at  different  times, 
first,  with  only  the  two  upper  tiers,  and  finally  with  all  the  mats  in 
position.     Tables  4  and  5  and  Figs.  11  to  13  show  the  relation  between 
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Fig.  10  c    Details  of  Distributing  Pipes 


the  various  quantities  observed.  It  was  very  noticeable  that  the 
rate  of  heat  dissipation  in  B.t.u.  per  sq.  ft.  per  hr.  was  considerably 
higher  for  the  uncompleted  tower  with  only  about  three-fifths  of 
the  mats  in  operation.  However,  by  the  addition  of  the  remaining 
mat  surfaces  the  tower  was  enabled  to  work  on  lower  water  tempera- 
ture, and  we  should  therefore  expect  a  lower  rate  of  heat  dissipation. 
This  would  indicate  that  the  upper  tiers  of  towers  were  more  effective 


*  In  this  plant  the  condensing  system  was  not  well  adapted  to  economic  working. 
Air  and  circulating  pumps  were  direct-coupled,  making  it  impossible  to  control 
the  tower  water  separately  from  the  condensation.  There  was  considerable  air 
in  the  system  from  a  long  run  of  exhaust  jjiping;  and  with  no  dry-air  pumps, 
a  vacuum  of  24  in.  was  normal  practice.  But  the  condenser  was  operated 
with  a  temperature  differential  of  47  deg.,  so  that  with  an  efficient  condenser,  a 
vacuum  of  28  in.  might  have  been  obtained  with  the  same  tower  performance, 
16  deg.  cooling,  71  deg.  cold  well. 
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TABLE  3      COMPARATIVE  DATA.  DETROIT  EDISON  TOWERS 


FORCED   DKAFT 
STATION  A 


$2.60 
13 


Rated  Engine,  i.h.p 1500 

Cooling  surface,  sq.  ft 34,780 

Surface  per  h.p 23 . 2 

Space  occupied,  cu.  ft 7064 

Space  occupied,  sq.  ft 175 

Cost  complete 

Cost  per  h.p 

Auxiliaries,  e.h.p 

DIMENSIONS 

Delivery  pipe  above  ground 29  ft.    0  in. 

Height  over  all 40  ft.    6  in. 

Height  mat  section |  17  ft.    0  in. 

Height  stack I  12  ft.    6  in. 

Height  outlet 10  ft.  10  in. 

Diameter  tower 14  ft.  10  in. 

Diameter  fan 9  ft.   3  in. 


NATURAL    DRAFT 
STATION     C 

900 

24,500 

27.2 
10,850 
200 
$1350 

SI.  50 


35  ft.  8  in. 
53  ft.  9  in. 

25  ft.  0  in. 
18  ft.  1  in. 
9  ft.  0  in. 
16  ft.  0  in. 


TABLE  4     TEST  OF  NATURAL-DRAFT  COOLING  TOWER,  DETROIT 
Incomplete.  Three- Fifths  Surface  Installed 


Temperature,  Deg.  Fahr. 

Quantities 

HEAT              O  «  B 

0  ^  oi 

TIME 

WATER 

TOTAL 

TOWER 

2        K 

HOT 

COLD 

DISSIPATED      (U  l«  K 

LOAD 

AIR 

COOL- 

HEAT 

WATER  LBS. 

B.T.U.              g  1  S 

^  «  « 

WELL* 

WELL 

1  S  « 

KW. 

ING 

HEADt 

PER    HR. 

LBS.  PER  HR.     ^  S  P 

g  a.  ^ 

u  «  to 

«  «  « 

g  o  w 

O  H  J 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12  noon 

34 

102 

89 

13 

68 

375,  000 

4,880,000 

332 

25 

270 

1.30 

35 

106.5 

90 

16.5 

71.5 

r  375,000 
^  \  370,200 

6,108,000 

415 

24.8 

r315 
\290 

2.30 

35 

106.5 

87.5 

19 

71.5 

375,000 

7,120,000 

484 

25 

315 

3.30 

35 

113 

88.5 

24.5 

78' 

375,000 

9,000,000 

613 

25 

350 

4.30 

32.5 

100 

84 

16 

67.5 

399,000 

6,384,000 

434 

26.6 

365 

5.00 

28.5 

103.5 

88 

15.5 

75 

445,500 

6,900,000 

470 

29.7 

485 

6.00 

26 

125 

94 

31 

99 

417,000 

12,930,000 

880 

27.8 

655 

7.00 

24 

121 

94 

27 

97 

427,000 

11,532,000 

785 

27.4 

570 

8.00 

24 

123 

94.5 

28.5 

99 

427,000 

]     12,174,000 

827 

27.4 

600 

♦Assuming  a  more  efficient  condenser,  say  10  deg.  difference,  the  probable  vacuum  would  be 
26  deg.  to  27.5  deg.     This  condenser  actually  operated  at  40  deg.  to  50  deg.  difference. 
tTotal  heat  head  =  air  heating  +  lost  head. 
JOnly  three-fifths  cooling  surface  installed. 
§Dlfference  due  to  rapid  change  in][load. 
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TABLE  5    RESULTS  OF  TEST  OF  NATURAL-DRAFT  TOWER,  DETROIT 
Complete,  Five-Fifths  Surface  Iestalled 

Engines:  Two  400  i.h.p.  300  kw.  Macintosh  &  Seymour  tandem  compound 

engines,  overhung  generators. 

Condensers:  Worthington  surface  (admiralty  type)  1600-sq.  ft.  reciprocating 
wet-air  pump  and  circulating  pump. 

Tower:  Wood  mat  construction,  24,500  sq.  ft.  evaporating  surface,  ex- 

clusive of  shell. 

Test:  March  15  to  16, 1901,  4  p.m.  to  4  p.m.,  24  hr. 

A.M.  P.M.  AVERAGE 

Weather:  Barometer  (abs.),  min.  30.22         30.07;     30.14  30.27 

Temperature  air,  deg.  18.5  25;  30  25 

Relative  humidity,  per  cent        76  82;  58  72 

Load:  600  kw.  max.  to  50  kw.  min.     Average 244 . 9  kw- 

Engine  Efficiency  =92.5  =875  i.h.p.  max.     Average.  .354.8  i.h.p» 

Steam:  Weight  of  condensed  steam  per  hr.,lbs 5910.6 

Temperature  exhaust  steam,  deg.  Fahr 134 .  38 

Temperature  condensed'steam,  deg.  Fahr 108.78 

Weight  of  steam  per  hr.,  max.  load,  lbs 13,500 

Vacuum  (abs.)  25  to  19,  average  about 22 

Vacuum  corresponding  to  temperature  exhaust  steam ....  25 

Vacuum  possible  with  good  condenser  (10  deg.  difference) .  28 

Water:  Circulated  per  hr.,  lbs 293,536 

Temperature  hot  well,  average,  deg.  Fahr 87.50 

Temperature  cold  well,  average,  deg.  Fahr 71 .  27 

Vaporization  loss  per  hr.,  lbs 5,970 

Results:  Condenser  surface  per  kw.,  sq.  ft 2.66 

Steam  per  kw.  hr. ,  lbs 24 . 3 

Steam  per  i.h.p.  hr.,  lbs 16 .  66 

Circulating  water  per  lb.  of  steam,  lbs 49. 6 

Steam  per  sq.  ft.  condenser  surface  per  hr.,  lbs 3.7 

Circulating  water  per  sq.  ft.  tower  surface,  lbs 12.0 

Difference  in  temperature  between  exhaust  steam  and  dis- 
charge, deg.  Fahr 47 

Cooling:  Max.  20  deg.,  min.  3  deg-5  deg.     Average 16.  23 

Heat  dissipated  per  hr,  B.t.u 4,769,000 

Heat  per  sq.  ft.  tower  surface,  B.t.u 195 

Heat  per  sq.  ft.  per  1000  lb.  water,  B.t.u 0.665 

Evaporation:  Circulating  water,  per  cent 2.03 

Engine  steam,   per  cent 101 

Tower:  Surface  per  kw.  (average  load  245  kw.),  sq.  ft 100 

Surface  per  kw.  (max.  load  600  kw.),  sq.  ft 408 

Surface  per  1000  lb.  steam  max.  load,  sq.  f t 1 .  82 

Surface  per  1000  lb.  steam  average  load,  sq.  ft 4.14 

Surface  per  1000  lb.  circulating  water  per  deg,  max. 

cooUng,  sq.  ft 5 .  22 
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than  the  lower.  The  heat  dissipation  during  the  tests  on  the  com- 
plete tower  ranged  from  200  B.t.u.  to  300  B.t.u.  per  sq.  ft.  of  surface 
per  hour  under  normal  conditions,  and  this  could  undoubtedly  have 
been  increased  in  a  carefully  constructed  tower  with  suitable  con- 
denser apparatus. 

29  In  general,  the  tower  showed  very  little  difference  in  efficiency 
summer  and  winter,  rather  against  expectations.  Apparently  the 
increased  evaporation  possible  in  the  higher  air  temperatures  of 
summer  offset  the  greater  conduction  of  heat  in  the  colder  air  of 
winter.  In  very  hot  weather,  a  negligible  effect  from  conduction  was 
apparent,  from  the  fact  that  at  certain  maximum  loads  the  vacuum 
fell  rapidly,  indicating  that  the  capacity  of  the  tower  had  been  reached, 
due  to  complete  saturation  of  air,  while  in  cold  weather  the  vacuum 
would  hold  up  better  at  the  same  load.  This  shows  that  with  air 
fully  saturated  and  evaporation  checked,  the  dissipation  of  heat  by 
conduction  in  hot  weather  was  quite  insufficient  to  give  an  appre- 
ciable margin  of  overload. 

30  This  tower  was  in  constant  use  for  a  period  of  about  four  and 
a  half  years,  cooling  all  of  the  condensing  water  for  the  central  station. 
Depreciation  was  at  first  thought  to  be  a  serious  factor,  but  later, 
when  the  tower  was  finally  dismantled,  the  frame  work  and  mats 
were  found  to  be  in  excellent  condition.  The  only  parts  showing 
deterioration  were  the  upper  sheets  of  the  tower  shell  lying  above  the 
distributor,  where  corrosion  had  taken  place  owing  to  the  alternate 
wetting  and  drying  of  the  surface  during  the  last  six  months  of  service 
in  1905  (10-hr.  operation).  The  mats  themselves  were  as  sound  as 
when  put  in.  After  a  few  months'  service,  the  mat  surface  became 
coated  with  scale  due  to  the  incrustating  properties  of  the  water. 
This  scale  would  accumulate,  crack  off  and  fall  to  the  settling  basin. 

31  Although  fairly  successful,  this  experimental  design  might 
have  been  considerably  improved.  By  straddling  the  supporting 
joists  in  the  manner  shown  in  detail  in  Fig.  10  b,  the  various  tiers  of 
mats  may  be  brought  together  into  a  practically  continuous  surface 
from  top  to  bottom,  thus  entirely  preventing  the  fall  of  water  (Fig. 
12).  At  the  bottom,  the  obstruction  to  draft  may  be  prevented  by 
employing  deflecting  troughs  under  each  mat,  to  convey  the  water 
to  the  center  of  the  tower,  as  in  the  Moser  tower.  Fig.  8  ^.  A  better 
distribution  system  in  the  form  of  horizontal  slotted  laterals  discharg- 
ing upward  and  over-flowing  directly  on  to  the  respective  mat  sec- 
tions is  shown  in  Fig.  10  c. 

32  In  any  system  of  stationary  jets,  it  is  extremely  difficult  to 
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obtain  uniform  distribution  of  water  over  the  entire  tower  at  different 
rates  of  flow.  With  the  slotted  pipes,  it  is  an  easy  matter  to  open 
or  close  the  slots  so  as  to  distribute  uniformly,  and  as  they  are  laid 
horizontally,  this  adjustment  is  permanent.  It  is  also  easy  to  free 
the  laterals  from  foreign  matter,  as  is  not  the  case  with  jets.  This 
is  because  of  the  ample  section  of  the  laterals;  whereas  any  system 
using  a  large  number  of  small  distributing  pipes  or  apertures  involves 
ultimate  trouble  from  clogging. 
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20  30 
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Fig.  12     Lost  Head  of  Natural  and  Forced-Draft  Towers 


THE   EVAPORATIVE   COOLER 


33  In  gas-engine  work  it  is  often  necessary  to  economize  water 
to  the  greatest  possible  extent.  In  an  Arizona  mining  plant  employ- 
ing gas  engines,  where  the  mine  water  was  so  foul  and  acid  as  to 
prohibit  entirely  its  use  for  cooling  jackets,  an  evaporative  cooler  was 
recently  constructed  of  ordinary  hot-water  radiators  arranged  in 
series-parallel,  with  air  forced  over  the  surface  by  a  motor-driven 
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fan.  The  well-known  counter-current  system  was  employed,  and 
the  outfit  was  fairly  efficient,  the  jacket  water  being  cooled  15  deg. 
with  a  power  consumption  of  5  per  cent  of  the  output  of  the  engine. 
34  It  occurs  to  the  author  that  by  keeping  the  radiator  surface 
continually  wet  the  effect  of  evaporation  as  well  as  convection  might 
be  utilized  in  cooling.  The  foul  mine  water  may  sometimes  be  used 
for  this  purpose  without  contaminating  the  jacket  circulation.  With 
an  expenditure  of  2f  per  cent  in  evaporation,  an  increase  of  24  per 
cent  in  cooling  would  be  obtained,  assuming  the  air  entering  and 


Fig.  13    Comparative  Results,  Natural  and  Forced-Draft  Towers 


leaving  to  be  fully  saturated  (Fig.  15).  This  system  has  been 
attempted  in  connection  with  steam  condensers,  but  apparently 
without  much  success.  The  principle  seems  entirely  logical,  but 
the  difficulty  of  maintaining  tight  joints  with  thin- walled  tubes  of 
sufficient  diameter  to  permit  of  the  passage  of  the  proper  amount  of 
air,  would  seriously  detract  from  the  effectiveness  of  this  apparatus 
by  reason  of  air  leakage.  The  low  vacuum  shown  during  tests  of  such 
apparatus  largely  confirms  this  supposition.  For  gas-power  plants, 
however,  the  type  seems  admirably  suited. 
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STANDARDS  OF  DESIGN 


35  The  cooling  tower  should  be  designed  with  the  same  flexibility 
as  other  good  power-plant  apparatus,  as  regards  capacity  under 
various  conditions  of  operation;  it  is  subject  to  the  same  peak-loads  as 
the  prime  mover.     As  a  matter  of  fact,  relatively  more  heat  must  be 


Fig.  14     Proposed  Combination  Tower  With  Natural  and  Auxiliary-Fan 

Draft 


abstracted  by  the  tower  during  peaks  owing  to  the  higher  steam  con- 
sumption of  a  steam  engine  per  horsepower-hour  on  overloads.  Con- 
sider, for  example,  a  normal  central  station  load.  The  evening  peak 
seldom  extends  over  three  hours,  and  usually  the  most  severe  demands 
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on  the  generating  apparatus  occur  within  a  period  of  one  hour. 
Here,  then,  a  definite  overload  capacity  in  the  cooHng  tower  is  as 
desirable  as  in  the  engine  or  boiler;  and  some  means  should  be 
employed  to  relieve  during'these  peaks  the  tower  which  would  have 
ample  capacity  to  operate  unaided  during  the  remainder  of  the  day. 
36  Again,  consider  the  comparatively  short  periods  of  unfavor- 
able weather  in  normal  climates.  Reports^  from  the  Butte  plant 
(Table  2)  reveal  a  mean  temperature  of  41.6  deg.  fahr.  Yet  there 
were  99  days  of  the  year  in  which  the  temperature  was  above  70  deg. ; 
50  days  above  80,  and  three  days  above  90  deg.  Fahr.     Taking  70 
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Fig,  15    Vapor-Content  in  Air  at  Various  Temperatures 

deg.  as  an  empirical  standard,  it  is  apparent  that  for  two-thirds  of 
the  year  this  temperature  would  not  be  exceeded.  But  careful 
hourly  observations  at  Butte  show  that  a  temperature  of  70  deg.  was 
exceeded  only  for  681  hr.  throughout  the  year;  i.  e.,  7.9  per  cent  of 
the  actual  time. 

37  A  study  of  Pittsburg  conditions  shows  similar  results  (Table 
1).  Average  throughout  the  year,  52.3  deg.  The  temperature  dur- 
ing June,  July  and  August  averaged  10.5  days  per  month  above  85 
cleg.,  and' the  humidity,  15.3  days  per  month  above  80  per  cent. 


'  Provided  by  Mr.  Gerry. 
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Although  the  actual  hours  of  maximum  are  not  available  from  the 
Weather  Bureau  reports,  it  is  safe  to  say  that  these  unfavorable 
atmospheric  conditions  existed  not  more  than  one-tenth  of  the  daily 
period,  or  2.5  hr. 

TABLE  6     OPERATING  DATA,  OPEN-SCREEN  TOWERS 
Mt.  Whitney  Power  Co.,  Visalia,  Cal. 

Tower  designed  for  1500  kw. — 2000  kw.  at  27-iii.  vacuum 

Horizontal  screen  surface,  sq.  ft 9550 

Circulating  water  handled,  gal.  per  hr 1,720,000 

Rate  of  circulation,  lb.  per  sq.  ft.  per  hr 1500 

Dimensions,  ft 30  by  47  by  15  high 

10  tiers  galvanized  iron  screens 5  mesh  per  in. 

Cost  of  tower  including  concrete  form .12,000 

Observations,  October    23,   1906 

Maximum  load  carried,  5.20  p.m.,  kw 1130 

Temperature  atmosphere,  deg.  P'ahr 55 

Depression,  wet  bulb  thermometer,  deg 8.5 

Relative  humidity,  50  per  cent  absolute,  gr.  per  cu.  ft. ..  .  2.35 

Temperature  incoming  hot  water,  deg.  Fahr 110 

Temperature  outgoing  cold  water,  deg.  Fahr 100 

C'ooling,  deg.  Fahr.  (minimum  for  day) 10 

Vacuum  carried  (ref.  30-in.  barometer),  in.  Hg 26.6 

Difference  between  temperature  steam  and  condenser  dis- 
charge   ;  .  .  .  . 

Possible  vacuum  (10  deg.  difference  in  condenser) 

Maximum  coohng  for  day  (730  kw.),  deg.  Fahr 16 

Data  from  Hunt,  Mirk  &  Co.,  Engineers,  San  Francisco,  Cal. 

38  It  is  apparent  from  the  above  that  the  problem  of  maximum 
capacity  in  cooling  towers  involves  a  condition  of  peak  load  existing 
only  5  per  cent  of  the  time,  and  high  temperature  only  8  per  cent  of 
the  time.  Moreover,  these  maximum  demands  will  not  generally 
occur  at  the  same  hours  of  the  day.  In  the  example  cited  in  Par.  11, 
5  deg.  difference  in  the  condenser,  the  maximum  permissible  air  tem- 
perature would  be  81  deg.;  the  more  efficient  the  condenser,  the 
higher  the  allowable  air  temperature.  Yet  at  Butte,  the  temperature 
of  85  deg.  was  exceeded  during  only  22  days  of  the  year,  or  51  hr. 
This  is  equivalent  to  2.5  hr.  during  mid-day  and  less  than  0.6  of  1 
per  cent  of  the  total  time. 

39  Is  it,  therefore,  good  engineering  to  design  a  cooling  tower 
installation  with  a  vacuum-producing  capacity  large  enough  for  any 
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and  all  emergencies;  or,  on  the  other  hand,  to  provide  auxiliary  means 
for  assisting  during  these  brief  periods  of  maximum  demand,  while 
keeping  the  proportions  of  the  tower  within  reasonable  limits  for 
normal  operation?  Might  not  even  a  considerable  impairment  of 
vacuum  under  the  most  unfavorable  operation  be  better  tolerated 
than  the  increased  expense  of  equipment  suited  to  maximum  de- 
mand? 

40  This,  of  course,  applies  particularly  to  natural-draft  towers. 
Flexibility  already  exists  in  the  forced-draft  tower  through  the 
speeding  of  the  fans;  but  even  here  there  are  some  drawbacks  owing 
to  the  high  velocities  already  employed  for  normal  working.  Any 
large  increase  in  the  velocity  of  the  fan  may  seriously  disturb  the 
uniformity  of  air  distribution  over  the  tower  surface  and  give  rise 
to  eddies  destructive  to  efficiency.  That  this  condition  exists,  is 
very  plainly  shown  by  a  survey  of  the  discharge  velocity  by  means 
of  an  anemometer.  Examination  of  one  defective  installation  by 
this  method  revealed  the  fact  that  fully  one-third  of  the  area  was 
practically  ineffective  and  that  reverse  currents  actually  took  place 
in  some  parts.  The  air-distribution  problem  is  exceedingly  impor- 
tant, and  more  so  in  the  forced-draft  than  in  the  natural-draft  tower, 
where  low  velocities  favor  uniformity. 

"booster"  type  of  tower 

41  The  natural-draft  tower  is  of  itself  ill-adapted  for  operating 
with  a  fixed  temperature  head.  It  thrives  on  the  weakness  of  the 
condensing  system.  The  lower  the  vacuum,  the  better  the  tower 
works,  because  of  the  increase  in  temperature  head.  And  as  .this 
is  clearly  a  problem  of  chimney  design,  the  only  way  out  of  the  diffi- 
culty is  apparently  by  some  method  of  auxiliary  draft.  As  the  speci- 
fic heat  of  air  is  about  0.23,  it  is  evident  that  an  increase  of  25  per 
cent  in  heat  dissipation  would  require  roughly  double  this  increase 
in  quantity  of  air,  in  ordsr  to  maintain  the  same  temperature  condi- 
tions. This,  however,  is  well  within  the  capacity  of  a  comparatively 
small  fan  auxiliary. 

42  There  are  two  methods  of  accomplishing  this  result: 

a  By  locating  in  the  stack  an  induced-draft  fan  whieh  nor- 
mally remains  idle. 

b  By  installing  at  the  base  of  the  tower  a  forced-draft  system 
so  designed  as  to  supplement  the  natural  draft  without 
causing  a  back-flow. 


COOLING   TOWERS    FOR    POWER    PLANTS 


1237 


43  An  example  of  a  is  used  in  the  cooling  towers  at  Gary,  West 
Va.  (Fig.  2).  Although  designed  for  constant  service,  the  arrange- 
ment of  the  stack  fan  is  precisely  as  suggested.  Whether  the  Pelton 
type  of  motor,  direct-connected  to  the  fan,  is  superior  to  belt  ox  chain 
drive  from  a  motor  mounted  on  the  outside  of  the  tower,  is  a  question 
of  mechanical  convenience:  the  essential  elements  are  present. 

44  The  second  suggested  arrangement  is  crudely  shown  in  Fig. 
14.  The  auxiliary  air  is  delivered  to  the  tower  through  four  "  L  "- 
nozzles  supplied  from  a  concrete  duct  surrounding  the  base  of  the 
tower.     With  this  arrangement,  the  natural  draft  under  the  base  of 
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the  tower  might  tend  to  be  reversed  owing  to  the  back-pressure 
resulting  from  the  blast.  It  is  believed,  however,  that  with  a  fairly 
open  mat  structure  such  as  has  been  described  above,  the  introduction 
of  four  auxiliary  blast  ducts  would  serve  only  to  entrain  more  air 
and  further  assist  the  tower  in  the  absorption  of  heat. 

45  Of  the  two  systems,  the  former  has  the  advantage  of  being 
already  put  into  practice.  However,  there  is  to  be  said  in  favor  of 
the  latter  that  no  working  parts,  such  as  fan  bearings,  belt  trans- 
mission, etc.,  are  in  the  current  of  vapor;  and  with  a  tower  operated 
intermittently,  corrosion  is  an  import.ant  matter,  as  was  proved  by 
the  deterioration  of  the  upper-sheets  at  Detroit.  Furthermore  this 
system  lends  itself  more  readily  to  a  square  or  rectangular-shaped 
tower,  which  may  be  desirable  in  large  sizes. 
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CONCLUSIONS 

46  Improved  types  of  cooling  towers  are  in  active  demand  for 
high-grade  power  plants  both  steam  and  gas,  especially  for  low-pres- 
sure turbine  installations. 

47  Effectiveness  of  working  is  largely  dependent  on  efficiency  of 
condenser,  i.  e.,  minimum  temperature  difference  between  steam 
and  discharge  water  is  desirable  to  increase  the  temperature  head  on 
the  tower. 

48  Cooling  towers  are  particularly  adaptable  to  gas  power  plants. 
The  bulk  of  the  tower  is  reduced  by  the  high  temperature  head  avail- 
able with  hot  jacket  water. 

49  Elements  of  most  effective  design;  avoid  free  falling  water; 
maximum  retardation  of  descent  with  minimum  obstruction  of  draft; 
insure  uniform  distribution  of  water  and  air;  provide  the  maximum 
exposed  wetted  surface  for  a  given  bulk  and  an  interrupted  descent 
of  fluid  film. 

50  In  locations  of  low  humidity  simple  forms  of  construction  usu- 
ally serve  the  purpose,  except  where  ground  space  is  valuable. 

51  Sectional  lath  mat  type  of  tower  well  adapted  tonatural  draft 
work.  The  construction  suggested  is  simple,  durable  and  inexpen- 
sive. 

52  Normal  rate  of  heat  dissipation  obtained  by  lath  mat  construc- 
tion, 200  B.t.u.  per  sq.  ft. 

53  Auxiliary  fan  ''  booster"'  suggested  as  the  best  means  of  obtain- 
ing the  desired  overload  capacity — a  combination  of  natural  and 
forced  draft.  Overload  conditions  (high  temperature,  humidity  or 
load)  usually  last  but  a  small  percentage  of  the  time — 1  to  5  per  cent. 
Natural  draft  suffices  for  the  major  portion. 


THE  PITOT  TUBE  AS  A  STEAM  METER 

By  Prof.  Geo.  F.  Gebhardt,  Chicago,  III. 
Member  of  the  Society 

Steam  meters  may  be  conveniently  grouped  in  two  general  classes, 
which,  for  lack  of  more  suitable  names,  may  be  designated  as  a,  series 
meters  and  b,  shunt  meters. 

2  The  series  meter  is  an  integral  part  of  the  piping,  the  entire 
mass  of  fluid  to  be  measured  passing  through  the  apparatus.  The 
St.  John's  and  Venturi  meters  are  the  best  known  of  this  class.  In 
the  former  the  volume  of  fluid  passing  is  determined  by  the  rise  and 
fall  of  a  weighted  plug  valve  and  in  the  latter  the  velocity  of  flow  is 
determined  by  the  well-known  principles  of  the  Venturi  tube.  Both 
are  indicating  instruments  and  show  only  the  rate  of  flow. 

3  In  the  shunt  meter  only  a  portion  of  the  steam  to  be  measured 
is  diverted  through  the  apparatus,  the  velocity  of  flow  through  the 
shunt  being  an  indication  of  that  in  the  main  pipe.  In  this  class  one 
or  more  small  openings  ^  in.  or  less  in  diameter  suffice  for  attach- 
ing the  apparatus  to  the  pipe.  One  instrument  suitably  calibrated 
may  answer  for  any  size  of  pipe.  The  Pitot  tube  forms  the  basic 
principle  of  practically  all  meters  of  this  class. 

4  It  is  the  object  of  this  paper  to  describe  a  number  of  applica- 
tions of  the  Pitot  tube  for  steam  measurements  as  constructed  and 
tested  at  the  Armour  Institute  of  Technology. 

0  The  Pitot  tube  was  first  used  by  its  inventor,  Pitot,  in  1837,  in 
the  measurement  of  the  flow  of  water  and  since  then  has  been  success- 
fully used  in  measuring  the  flow  of  many  fluids  and  all  true  gases. 
Considerable  difficulty  has  been  experienced,  however,  in  its  applica- 
tion to  vapors  condensable  under  normal  conditions  of  operation; 
and  so  far  as  the  writer  knows,  no  commercially  successful  instrument 
is  on  the  market. 

6  Many  of  the  instruments  are  interesting  laboratory  devices  and 
are  of  considerable  value  for  experimental  investigations;  but  on 

All  Papers  are  subject  to  revision. 
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account  of  the  great  number  of  variables  involved,  fall  short  of  being 
practical  commercial  instruments.  Fig.  1  illustrates  the  most  com- 
mon and  the  least  accurate  application  of  the  Pitot  tube  for  measur- 
ing the  flow  of  condensable  vapor  in  a  pipe.  S  is  the  static  nozzle 
at  right  angles  to,  and  D  the  dynamic  nozzle  facing  the  current.  U 
is  an  ordinary  manometer  partially  filled  with  mercury.  When  there 
is  no  flow  the  mercury  in  columns  A''  and  W  will  be  on  the  same  level 
and  the  upper  portions  will  be  filled  with  condensed  vapor.  When 
there  is  a  flow  the  mercury  will  be  depressed  as  indicated  and  the  dif- 
ference in  height  H  of  the  mercury  columns  in  the  two  tubes  will  be 


w 


Fig.  1      Pitot  Tube  with   Mercury 
Manometer 


Fig.  2     Simple  Gage-Glass   Meter 
with  S  elf-Adjusting  Water  Column 


a  measure  of  the  velocity  of  flow  in  the  main  pipe.  On  account  of  the 
great  density  of  mercury  and  the  variation  in  height  of  the  condensed 
vapor  above  the  mercury  this  application  of  the  Pitot  tube  has  very 
little  value  scientifically  or  commercially.  For  example:  With  dry 
steam  at  100  lb.  gage,  a  velocity  of  8000  ft.  per  min.  would  give  a 
depression  H  of  only  one  in.  and  an  error  of  1/100  in.  in  measuring  H 
would  mean  an  error  of  40  ft.  per  min.  in  the  velocity. 

7  In  Fig.  2  is  shown  the  original  apparatus  designed  by  Prof. 
R.  Burnham  of  the  Experimental  Department  of  Armour  Institute 
of  Technology  and  the  writer,  in  which  the  water  of  condensation  is 
used  as  a  self-adjusting  column  in  place  of  mercury.  This  embodies 
the  basic  principle  of  many  of  the  meters  constructed  later. 

8  Referring  to  Fig.  2,  A  and  C  are  two  ordinary  water  gage  cocks 
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and  G  an  ordinary  glass  tube.  Gage  C  is  connected  to  the  static 
nozzle  S  and  gage  A  to  the  dynamic  nozzle  of  a  Pitot  tube.  The 
height  of  water  H  is  directly  proportional  to  the  velocity  of  steam 
flowing  through  pipe  P  and  automatically  adjusts  itself  to  the  varia- 
tions in  velocity;  thus,  for  decreasing  velocities  the  water  in  glass  G 
discharges  itself  through  tube  D  until  the  water  column  H  balances 
the  velocity  pressure  in  pipe  P,  and  for  increasing  velocities  conden- 
sation from  the  upper  part  of  the  instrument  accumulates  and  the 
water  column  H  rises  until  a  balance  is  effected  for  the  higher  velocity. 

9  The  velocity  of  flow  is  determined  by  the  well  known  equation : 

V  =  c  V2gH  (1) 

in  which 

V  =  maximum  velocity  of  flow,  ft.  per  sec.     Dynamic  nozzle 
D  is  inserted  in  middle  of  pipe  where  the  velocity  is  a 
maximum. 
c    =  coefficient  determined  by  experiment. 
g    =  acceleration  of  gravity  =  32.2. 

H  =  height  of  a  column  of  steam  equal  in  weight  to  water 
column  H. 
Equation  (1)  may  be  expressed: 

7,  =  139  c  J  h  ^^  (2) 

in  which 

Fi  =  maximum  velocity,  ft.  per  min. 

d^  =  weight  of  1  cu.  ft.  of  water  in  gage  glass  G. 

rfg  =  weight  of  1  cu.  ft.  of  the  steam  or  mixture  in  pipe  P. 

h    =  height  of  column  H  in  inches. 
The  weight  of  steam  flowing  per  hour  may  be  determined  by  substitut- 
ing the  proper  quantities  in  equation  (2),  thus: 

W  =  58  acr  V  h  d^d^  (3) 

in  which 

W  =  weight  of  steam  flowing,  lb.  per  hr. 

a    =  area  of  the  pipe,  sq.  in. ;  other  notations  as  in  (2) . 

r     =  ratio  of  the  mean  velocity  to  the  maximum. 

10  Equations  (2)  and  (3)  are  general  and  are  applicable  to  any 
size  pipe  and  any  pressure  and  quality  of  steam.  For  a  given  size 
of  pipe,  say  3  in.  (extra  heavy),  and  a  given  pressure  of  steam,  say 
70  lb.  gage,  equations  (2)  and  (3)  assume  the  following  simple  forms: 

V  =^2435  cr  Vh  (4) 

TT  =  1292  cr  Vh  (5) 


1242 


PITOT    TUBE    AS    A    STEAM    METER 


11  Tests  with  pipes  1  to  6  in.  in  diameter  gave  r  a  value  of  0.79 
to  0.84.  For  a  3  in.  extra  heavy  pipe  this  value  was  0.S2  and  re- 
mained practically  constant  for  all  velocities  and  pressures  (atmos- 
pheric to    100  lb.  gage.)     Substitute  this  value  of  r  in  (4)  and  (5), 

V  =  1996  Ci  Vh  (6) 

IV  =  1060  Ci  Vh  (7) 

in  which 

V  =  actual  mean  velocity,  ft.  per  min. 

w  =  actual  weight  of  steam  flowing,  lb.  per  hr. 

Cj  =  a  coefficient  determined  by  experiment. 

Coefficient  q  varied  from  0.8  to  1.2  for  the  simple  instrument  in  Fig.  ] . 
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Fig.  3  Influence  of  Surface  Ten- 
sion ON  Height  of  Water  in  Dy- 
namic Nozzle 


Fig.  4  Dynamic  Nozzle  with  Ar- 
rangement FOR  Maintaining  a 
Constant  Level  of  Overflow 


12  Variation  in  the  value  of  c^  was  found  to  be  due  to 

a  Fluctuation  in  height  T  (Fig.  3) ,  at  the  end  of  the  dynamic 
tube  due  to  surface  tension.  '  With  a  plain  tube  this  varia- 
tion amounted  to  as  much  as  0.25  in. 

b  Variation  in  density  of  water  column. 

c  Capillarity  in  gage  glass  G. 

d  Aspiration  in  static  tube  at  high  velocities. 

13  (a)  A  number  of  devices  were  constructed  for  eliminating 
the  variation  in  height  of  T  in  the  dynamic  nozzle  but  all  proved 
inefficient,  except  that  shown  in  Fig.  4.  By  serrating  the  tube  as 
indicated  in  V,  Fig.  4,  and  surrounding  it  with  a  corrugated  ferrule 
M,  thereby  forming  a  series  of  capillary  tubes,  the  variation  was  prac- 
tically eliminated,  amounting  to  but  0.02  in. 
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14  (b)  The  variation  in  density  of  the  water  column  is  an  inher- 
ent defect  of  this  type  of  meter  and  cannot  be  remedied  in  this  simple 
form  of  apparatus.     The  experiments  gave  a  range  in  temperature 


Fig.  5     Static  Nozzle  Corrected  for  Aspiration 

of  150  to  300  deg.  fahr.  resulting  in  a  maximum  possible  error  of  6 
per  cent.  For  high  velocities  the  fluctuation  in  temperature  is  neg- 
ligible but  for  low  velocities  the  range  may  be  considerable. 


Fig.  6     Device  for  Determining  Aspiration  Effect 


15  (c)  Capillarity  in  the  gage  glass  increases  as  the  diameter  of 
the  glass  decreases  and  may  b^considerable  in  tubes  of  small  bore. 
With  a  I  in.  tube  it  amounts  to  0.05  in.,  hence  its  influence  is  negli- 
gible for  high  velocities. 
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16  (d)  Aspiration  in  the  static  tube  is  appreciable  only  with 
velocities  above  6000  ft.  per  min.  It  may  be  entirely  eliminated  by 
beveling  the  tube  as  indicated  in  Fig.  5.  In  this  device  the  dynamic 
and  aspiration  effects  neutralize  each  other  and  only  the  true  pressure 
is  recorded.  The  aspiration  effect  was  determined  by  means  of  the 
apparatus  illustrated  in  Fig.  6.  It  consists  of  a  special  fitting  con- 
taining a  chamber  in  communication  with  the  main  pipe,  but  so  con- 
structed that  the  velocity  of  flow  in  the  chamber  is  practically  elim- 
inated. The  difference  in  pressure  between  the  two  openings  A  and 
B  is  due  to  aspiration.  Further  experiments  are  necessary  to  show 
whether  any  fixed  angle  is  applicable  to  all  velocities. 
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Fig.  7     Diagrammatic  Arrangement  of  Piping  for  Testing  Steam  Meters 


17  A  simple  construction,  as  illustrated  in  Fig.  2,  with  ^  in.  pipe 
connections  and  |  in.  gage  glass,  fitted  with  dynamic  tube,  as  illus- 
trated in  Fig.  4,  and  static  tube  as  in  Fig.  5,  is  an  accurate  means  of 
indicating  the  true  velocity  of  flow  and  the  actual  weight  of  water 
discharged  for  all  velocities  above  that  corresponding  to  H  in.  of 
water.  For  lower  velocities  any  error  in  reading  is  so  large  in  pro- 
portion to  the  entire  head  as  to  make  considerable  difference  in  results. 
The  scale'^may  be  graduated  to  read  velocities  in  feet  per  minute  and 
the  water  rate  in  pounds  per  hour. 
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TABLE  1     TEST  OF  SIMPLE  GAGE  GLASS  METER 
Steam  Pressure  70-lb.  Gage.     Steam  Dry.     3-in.  Extra  Heavt  Pipe. 


V^ELOCITIBS 

Weights 

h 

Feet  Per  Minute 

Pounds  per  Hour 

actual. 

MEAN 

MAXIMUM 
BY   METER 

RATIO 

ACTUAL 

METER 

DIFFER- 
ENCE 

ERROR 

2i 

2860 

3528 

1.23 

1516 

1545 

29 

1.88 

3f 

3890 

4685 

1.20 

2062 

2052 

10 

0.48 

5i 

4630 

5480 

1.21 

2400 

2400 

0 

0.00 

7* 

5360 

6570 

1.22 

2852 

2878       1         26 

0.91 

n 

6170 

7405 

1.20 

3270 

3240 

30 

0.92 

Average 

1.21 

Mean  Radius  0.82.     Coefficient  of  Meter  =  0.82  X  1.21  =  0.992  or  practically  unity. 
Equation  for  meter:  V  =  1996  h,  and  W  =  1060  h. 

18  The  results  of  a  few  tests  of  this  simple  device  are  given  in 
Table  1,  and  the  arrangements  of  piping  for  conducting  the  tests  is 
shown  diagrammatically  in  Fig.  7.  The  results  are  also  plotted  in 
Fig.  8.  The  curves  give  the  weights  as  calculated  from  equation  (7) 
and  the  small  circles  the  weights  as  determined  from  the  condensed 
steam.     It  will  be  noted  that  coefficient  c^  is  unity  and  no  calibra- 


/( ,  Meter  Readings  —Inches  of  Water. 
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Fig.  8    Test  of  Simple  Gage-Glass  Meter,  3-in.  Extra  Heavy  Pipe 
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Fig.  9     Type  of  Chart  Giving  Wide    Pressure  Range  for  Given  Size  of 

Pipe 
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tion  is  necessary.  Tests  on  1-in.,  2-in.,  3-in.,  and  4-in.  standard  pipe 
gave  a  coefficient  of  practically  unity.  The  tests  tend  to  show  that 
for  a  given  size  of  pipe  and  a  constant  pressure  and  quality  of  steam 


Gauge 
Cock 


Gauge 

Glass 


Gauge 
Cock 


65         70   75 


65         70  75 

3  Inch  Std.  Pipe 


Fig.  10     Method  of  Mounting  Chart 

the  actual  mean  velocity  and  weight  of  water  may  be  accurately 
determined  by  equations: 


si 


W 


139  ^ ;.  ^ 

=    58a  i/  hd^  d„ 


(8) 
(9) 
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This  is  strictly  true  for  continuous  flow  only.  Interrupted  flow, 
as  in  connection  with  reciprocating  engines,  creates  a  fluctuating 
water  column  and  it  is  difficult  to  obtain  the  mean  readings.  For 
engines  making  over  100  strokes  per  minute  the  height  of  water  is 
practically  constant  but  for  lower  speeds  the  fluctuation  increases 
with  the  decrease  in  speed.  By  suitably  throttling  the  lower  valve  V, 
water  column  H  may  be  made  to  assume  a  fairly  approximate  mean 
value  for  speeds  as  low  as  20  strokes  per  minute  in  engines  taking 
steam  full  stroke. 

19  The  limitations  of  the  simple  gage  glass  meter  for  commercial 
purposes  are : 

a  It  is  purely  an  indicating  device  and  readings  must  be  taken 
frequently  to  obtain  average  results. 

b  A  scale  graduated  for  a  given  set  of  conditions  is  accurate 
only  for  these  conditions,  the  degree  of  accuracy  varying 
with  the  fluctuation  in  steam  pressure,  change  in  quality 
of  the  steam  and  variations  in  temperature  of  the  water 
column.  A  convenient  form  of  chart  for  a  given  size  of 
pipe  and  for  a  wide  pressure  range  is  illustrated  in  Fig.  9. 
The  chart  is  wrapped  around  the  drum,  as  in  Fig.  10,  and 
set  to  correspond  to  the  given  pressure.  The  height  of 
the  water  column  transferred  to  the  chart  by  a  suitable 
pointer  gives  at  once  the  weight  of  steam  flowing. 

c  Rapid  increase  in  flow  may  cause  the  water  in  gage  glass  G 
to  be  blown  out  requiring  several  minutes  for  sufficient 
condensation  to  collect  and  balance  the  velocity  head. 

d  Inaccuracy  for  velocities  below  that  corresponding  to  a 
1^  in.  water  column,  or  roughly,  2000  ft.  per  min.  for  pres- 
sures over  70  lb.  gage. 

e  Cannot  be  used  for  measuring  the  flow  of  highly  superheated 
steam  except  for  practically  constant  flow  and  constant 
degree  of  superheat.  With  highly  superheated  steam 
a  condensation  chamber  must  be  fitted  to  upper  gage 
cock  C,  Fig.  2. 

20  Fig.  11  shows  a  modification  of  the  simple  gage  glass  meter 
with  simple  pipe  connection,  which  requires  the  pipe  line  to  be  tapped 
in  only  one  place.  It  may  be  set  at  any  angle  with  the  horizontal, 
thereby  increasing  the  sensitiveness  of  the  readings. 

21  Fig.  12  shows  an  application  of  the  gage  glass  meter  in  which 
many  of  the  defects  of  the  simple  gage  glass  device  are  eliminated. 
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The  error  due  to  the  variation  in  water  level  at  the  end  of  the  dynamic 
nozzle  is  entirely  eliminated  by  making  the  tube  a  "dry"  tube;  i.  e., 
water  of  condensation  is  not  returned  through  the  dynamic  nozzle.- 
The  temperature  of  the  water  in  the  gage  glass  is  practically  constant, 
all  condensation  from  the  static  end  being  discharged  through  drain 
F  to  the  chamber  below,  and  all  water  carried  over  by  the  dynamic 
end  being  discharged  into  pipe  P  directly  to  overflow  G.  The  area 
and  volume  of  chamber  M  is  so  large  compared  with  that  of  glass  W 
that  sudden  variations  in  flow  do  not  materially  affect  the  level  of 


Fig.  11     Gage-Glass  Meter  WITH  Single      Fig.  12   Gage-Glass  Meter  with  Dry 
Pipe  Connection  Dynamic  Tube 


water  in  M  and  cannot  blow  the  water  out  of  glass  W.  The  only  de- 
fect in  the  instrument  is  the  error  due  to  capillarity  in  glass  G,  which, 
as  stated  before,  amounts  to  but  0.05  in.  for  a  |  in.  tube. 

22  The  operation  is  as  follows:  Velocity  pressure  is  transmitted 
through  tube  D  and  opening  0,  into  the  body  of  chamber  M.  This 
pressure  acting  on  the  surface  of  the  condensation  in  the  chamber 
forces  water  into  glass  TV  until  a  balance  is  effected.  Condensation 
is  discharged  continuously  thj'ough  pipe  P  and  water  seal  U  of  the 
main  pipe.     Tests  of  this  meter  gave  practically  theoretical  results 


1250 


PITOT  TUBE   AS   A  STEAM  METER 


for  all  velocities  ranging  from  the  equivalent  of  a  ^-in.  water  column 
to  10-in. 

23  Fig.  13  shows  an  application  of  the  self-adjusting  water  column 
for  very  low  velocities,  2000  ft.  per  min.  and  under.  Glass  ball  B 
rises  and  falls  with  the  water  column,  transmitting  its  motion  through 
levers  L  and  A^,  gear  sector  G  and  pinion  P,  to  permanent  magnet,  M. 
The  latter  transmits  its  motion  to  magnet  M'  outside  the  casing. 
Pointer  C  is  fastened  to  magnet  M'.  Thus  any  motion  of  ball  B  is 
multiplied  by  pointer  C  and  indicated  on  dial  K.     Magnets  M  and 


Fig.  13     Meter  with  Self-Adjusting   Water  Column  for  Low  Velocities 


M'  are  independently  mounted  on  pivot  bearings,  M  within  the  casing 
and  subjected  to  steam  temperature,  the  other  outside  the  casing. 
Motion  of  M  is  transmitted  magnetically  to  M'  through  the  casing, 
thus  doing  away  with  stuffing  boxes.  The  relative  positions  of  mag- 
nets and  casing  are  illustrated  in  the  lower  corner  of  Fig.  13.  On 
account  of  the  angularity  of  the  connecting  links  and  the  frictional 
resistances,  small  as  they  are,  the  dial  graduations  cannot  be  con- 
veniently calculated  but  must  be  calibrated  by  experiment. 


PITOT  TUBE   AS  A   STEAM  METER 


1251 


24  This  instrument  is  very  sensitive,  indicating  velocity  changes 
of  20  ft.  per  min.  When  connected  directly  to  the  pipe  it  is  subject 
to  all  of  the  errors  of  the  simple  gage  glass  meter  and  is  altogether  too 
sensitive  for  accuracy.  When  connected,  however,  to  the  chamber 
illustrated  in  Fig.  12  taking  the  place  of  the  gage  glass,  velocity 
changes  as  low  as  20  ft.  per  min.  have  been  accurately  determined. 

25  Only  a  few  experiments  have  been  made  with  this  device  and 
further  tests  are  necessary  before  definite  statements  can  be  made 
relative  to  its  reliability. 

26  All  of  the  devices  described  above  are  simple  indicating  mech- 
anisms, and  with  the  exception  of  the  one  illustrated  in  Fig.  13,  can- 
not conveniently  be  made  autographic. 


Fig.  14     Indicating  Impulse  Meter 


27  For  commercial  purposes  a  steam  meter  should  be  autographic, 
or  better  still,  integrating.  The  ideal  meter  is  one  which  shows  at  a 
glance  the  weight  of  steam  flowing  for  any  given  period  of  time  and 
which  may  be  read  as  one  does  a  watt-hour  meter. 

28  Fig.  14  shows  an  application  of  the  Pitot  tube  for  indicating, 
autographic  ally,  the  weight  of  steam  discharged  and  differing  basic- 
ally from  those  just  described.  A  permanent  magnet  A^  forms  the 
spoke  of  a  small  aluminum  wheel  A.  Rotation  of  wheel  A  is  resisted' 
by  spiral  spring  G.  D  and  S  are  dynamic  and  static  nozzles,  respec- 
tively, of  a  Pitot  tube.  The  velocity  head  discharges  a  small  jet  of 
steam  through  nozzle  M  and  exerts  a  force  on  the  periphery  of  wheel 
A,  tending  to  rotate  it  about  its  axis.  The  angular  rotation  increases 
with  the  velocity.     The  motion  of  wheel  A  is  imparted  through  the 
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medium  of  magnets  A^  and  N'  to  pointer  R.  By  means  of  a  suitable 
clock-work  the  angular  movement  of  wheel  A  may  be  autographically 
transferred  to  a  chart  giving  a  continuous  record  of  the  weight  of 
steam  flowing. 

29  By  permitting  the  wheel  to  rotate  and  by  connecting  magnet 
N'  to  a  series  of  rotary  dials  an  integrating  or  total  output  mechanism 
is  readily  effected. 

30  Experiments  are  now  being  conducted  with  the  autographic 
and  integrating  devices  just  described,  but  sufficient  data  are  not  yet 
available  as  to  their  respective  merits. 
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Thompson.  John  Wiley  &  Sons,  New  York.  Second  Edition.  1909.  Cloth, 
6  by  9;  xi  +  807  p.;  249  illustrations.     Price  S5. 

This  second  edition  of  the  book  brings  the  treatment  of  the  subject  up  to  date, 
more  than  200  pages  of  text  and  tables  having  been  added.  The  new  chapter  one 
outhnes  the  essentials  of  concrete  construction  and  the  errors  frequently  made, 
with  references  to  pages  in  which  more  detailed  information  is  given.  The  speci- 
fications for  cement  and  concrete  in  chapter  iii,  and  chapter  ix  by  W.  B.  Fuller 
on  proportioning,  have  been  revised.  Chapters  xiv  and  xv  on  mixing  and  depos- 
iting have  been  enlarged,  giving  more  recent  tests  on  the  strength  and  perme- 
abihty  of  concrete.  Chapter  xxi  on  reinforced  concrete  design  has  been  increased 
from  51  to  131  pages.  Tables  and  diagrams  for  use  in  designing  cover  twenty 
pages,  and  a  complete  example  of  floor  design  gives  the  mathematical  computations 
in  detail.  Prof.  F.  P.  McICibben  has  written  the  chapter  on  arches,  discussing 
the  design  of  the  arch  by  the  elastic  theory,  a  complete  example  being  given 
with  all  the  steps  in  the  calculations.  Chapter  xxix  is  a  brief  history  of  the 
development  of  cement  manufacture,  with  an  outUne  of  modern  processes. 
The  list  of  references  to  concrete  hterature  in  chapter  xxxi  has  been  increased 
over  50  per  cent.  In  order  to  simphfy  the  formula  used,  the  demonstrations 
have  been  placed  as  far  as  possible  in  footnotes  and  appendices. 

Contents  by  chapter  headings:  Essential  Elements  in  Concrete  Construction;  Concrete  Data; 
Elementary  Outline  of  the  Process  of  Concreting;  Specifications;  The  Choice  of  Cement;  Classi- 
fications of  Cement;  Chemistry  of  Hydraulic  Cements,  by  Spencer  B.  Newberry;  Standard 
Cement  Tests;  Speecial  Tests  of  Cement  and  Mortar;  Strength  and  Composition  of  Cement 
Mortars;  Voids  and  other  Characteristics  of  Concrete  Aggregates;  Proportioning  Concrete,  by 
William  B.  Fuller;  Tables  of  Quantities  of  Materials  for  Concrete  and  Mortar;  Preparations  of 
Materials  for  Concrete;  Mixing  Concrete;  Depositing  Concrete;  Effect  of  Sea  Water  upon  Con- 
crete and  Mortar  by  R.  Feret;  Laying  Concrete  and  Mortar  in  Freezing  Weather;  Fire  and  Rust 
Protection;  Water  Tightness;  Strength  of  Plain  Concrete;  Reinforced  Concrete  Design;  Arches 
by  Frank  P.  McKibben;  Sidewalks,  Basement  Floors  and  Pavements;  Concrete  Building  Con- 
struction; Foimdations  and  Piers;  Dams  and  Retaining  Walls;  Conduits  and  Tunnels;  Reser- 
voirs and  Tanks;  Cement  Manufacture;  Miscellaneous  Structures;  References  to  Concrete  Litera- 
ture; Appendices. 

Concrete.  By  John  C.  Trautwine,  Jr.,  and  John  C.  Trautwine,  3d.  John  Wiley 
&  Sons,  New  York.     1909.     Cloth,  5  by  7;  ix  +  190  p.     Price  $2. 

The  book  is  essentially  the  section  on  concrete  in  the  latest  edition  of  the 
authors'  Pocket-Book,  with  the  addition  of  chapters  on  strength  of  materials, 
mortar  and  sand^also  from  the  pocket-book.     Besides  dealing  very  fully  with 
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the  characteristics  of  cement  and  concrete,  the  book  gives  valuable  and  exten- 
sive data  regarding  the  practice  of  the  art, — a  feature  mentioned  in  the  review 
of  the  Pocket-Book  below. 

Contents  by  chapter  headings:  Strength  of  Materials;  Cement  Mortar;  Aggregates;  Reinforced 
Concrete;  Experiment  and  Practice;  Digest  of  Specifications;  Cost. 

Civil  Engineer's  Pocket-Book.  Revised  by  John  C.  Trautwine,  Jr.,  and  John 
C.  Trautwine,  .3d.  John  Wiley  &  Sons,  New  York.  1909.  Nineteenth 
Edition.     Leather,  pocket  size;  xxxii  4-  1257  p.     Price  $5. 

One  of  the  prominent  features  of  the  latest  edition  of  this  well-known  book 
is  the  section  on  cement  and  concrete,  increased  from  17  pages  in  the  1902  edition 
to  126  pages  in  the  present  one.  The  section  has  its  own  index  for  ready  refer- 
ence to  the  "Selected  Results  of  Experiment  and  Practice;"  these  data,  with 
the  "Digest  of  Specifications"  for  general  concrete  work,  make  the  book  an 
extremely  valuable  source  of  information.  Revisions  of  the  pages  on  strength 
of  materials;  columns;  specifications  for  steel  rails,  rail  joints,  iron  and  steel; 
logarithmic  trigonometric  functions;  hydraulics;  price  list;  business  directory; 
and  bibliography,  have  helped  to  add  300  new  pages  to  the  book. 

Digest  of  Data.  Collected  Before  the  Year  1908  Relating  to  the  Sani- 
tary Condition  of  New  York  Harbor.  Martin  B.  Brown  Press,  New 
York.     1909. 

The  Metropolitan  Sewerage  Commission  of  New  York,  of  which  H.  deB. 
Parsons,  Mem.Am.Soc.M.E.,  is  a  member,  has  prepared  and  issued  this  report 
for  the  purpose  of  making  public  a  digest  of  the  analytical  data  available  up  to 
1908  relating  to  the  sanitary  condition  of  the  waters  of  New  York  harbor.  The 
investigations  here  included  contribute  materially  to  an  understanding  of  the 
conditions  which  follow  the  discharge  of  sewage  into  harbor  waters,  but  are  not 
presented  as  a  basis  for  conclusions,  further  examinations  of  the  water  of  New 
York  harbor  and  the  procurement  of  additional  data  being  now  in  progress. 

Betterment  Briefs.  A  Collection  of  Published  Papers  on  Organized  Industrial 
Efficiency.  By  H.  W.  Jacobs.  John  Wiley  &  Sons,  New  York,  1909. 
Cloth,  6  by  9;  240  pages;  136  illustrations:     Price  $3.50. 

This  book,  as  its  sub-title  indicates,  is  a  collection  of  papers  by  the  author  on 
the  "movement  for  the  betterment  of  American  railroading."  The  subjects 
treated  are  varied,  covering  the  field  from  shop  methods  to  welfare  work  for  the 
employees.  Though  the  author  writes  from  the  viewpoint  of  the  railroad  shop, 
much  that  he  says  may  be  applied  to  other  fields  of  industrial  activity.  The 
book  with  its  numerous  illustrations  should  make  interesting  reading;  the  only 
criticism  that  may  be  made  is  of  the  reddish  brown  tint  of  the  ink  used  for  the 
text. 

Contents  by  chapter  headings:  Commercial  Tool  Methods  in  Railroad  Shops;  Improved 
Devices  for  Railroad  Shops;  High-Speed  Steel  in  Railroad  Shops;  Practical  Advice  to  College 
Men;  Organization  and  Efficiency  in  the  Railway  Machine  Shop;  The  Relation  Between  the 
Mechanical  and  Store  Departments;  Shop  Efficiency;  The  Square  Deal  to  the  Railway  Employee. 
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Robert  Fulton  and  the  Clermont.  By  Alice  Crary  Sutcliffe.  The  Century 
Co.,Neiv  York,  1909.  Cloth,  5  by  74,  xv  +  367  pages;  illustrated.  Price 
$1.20. 

The  author,  Fulton's  great-granddaughter,  has  given  an  interesting  account 
of  Fulton's  early  life,  his  work  in  steamboat  navigation  leading  up  to  the  building 
of  the  Clermont,  with  some  description  of  his  work  on  canals,  torpedoes,  and 
submarines.  Doubtless  this  was  the  author's  intention,  rather  than  to  reply  to 
the  charges  that  Fulton  was  a  plagiarist  and  incapable  himself  of  developing 
the  steamboat  without  the  aid  of  earlier  or  contemporary  investigators.  Though 
the  reader  may  obtain  the  impression  that  Fulton  would  never  have  built  the 
Clermont  without  the  backing  of  Livingston,  yet  in  all  his  work  he  showed  such 
an  indefatigable  spirit  that  it  may  be  assumed  that  he  would  have  gone  far  toward 
attaining  his  end  by  some  other  means.  Of  the  whole  matter  it  may  be  said  that 
Fulton  should  not  be  celebrated  for  accompUshing  a  great  engineering  feat,  but 
rather  for  making,  by  whatever  means,  the  first  successful  commercial  apphcation 
of  steam  power  to  navigation.  The  author  has  evidently  spent  much  time  and 
care  on  the  book,  and  many  interesting  letters  and  drawings  are  reproduced. 

Contents  by  chapter  headings:  Early  Life;  Robert  Fulton  in  France;  The  Trial  Boat  on  the 
Seine;  The  Clermont;  Appendix. 

Bibliography  of  the  Cotton  Manufacture.  By  C.  J.  H.  Woodbury,  A.M. 
Sc.D.  Published  by  the  author  at  Boston,  Mass.  1909.  Cloth  7  by  10 
213  p.     Price  $2. 

The  author's  work  as  secretary  of  the  National  Association  of  Cotton  Manu- 
facturers has  given  him  a  valuable  viewpoint  from  which  to  select  the  important 
literature  of  the  art.  Information  has  been  drawn  not  only  from  the  manufac- 
turers, but  from  leading  libraries  on  both  sides  of  the  Atlantic,  making  the  list 
very  complete  as  to  works  in  English,  French  and  German.  This  work  is  of 
value  to  investigators  in  the  subjects  of  cotton  manufacture,  the  finishing  of 
goods,  or  the  engineering  and  mechanical  problems  pertaining  to  the  matter.  It 
also  affords  a  means  of  directing  examinations  into  the  agricultural,  commercial 
and  historical  questions  relating  to  cotton.  Apart  from  the  cotton  manufacture 
in  a  technical  sense,  there  are  a  large  number  of  references  to  its  history  and 
economics  bearing  upon  sociological  problems  involved  in  the  relations  of  labor 
and  capital. 

Contents:  Cotton  manufacture;  Finishing;  Engineeiing  and  Machinery;  History  and  Eco- 
nomics; Cotton;  Journals. 

Aluminum  Handbook.  Published  by  The  Aluminum  Company  of  Aynerica, 
Pittsburg,  Pa.  Size  4^  by  7;  154  p.;  illustrated. 
Much  interesting  and  valuable  information  regarding  aluminum  will  be  found  in 
this  book,  which  is  made  up  of  five  pamphlets  dealing  with  the  properties  of  the 
metal,  and  its  various  products.  It  is  attractively  bound  in  leather,  with  a  thumb- 
index,  supplemented  by  a  table  of  contents  for  each  section.  The  typographical 
work  is  excellent  and  the  illustrations  are  of  a  high  order. 

Contents:  Properties  of  Aluminum;  Alloys  of  Aluminum;  Methods  of  Working  Aluminum; 
Fabricated  Aluminum;  Useful  Tables. 
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The  American  Society  of  Mechanical  Engineers.  Transactions.  Vol.  30. 
New   York,   1909. 

American  Society  of  Swedish  Engineers.  Bulletin.  Vol.  3.  No.  7.  Sup- 
plement. Vol.  3.  No.  1.  October  1909.  Brooklyn,  N.  Y.,  1909.  Gift 
of  society. 

Betterment  Briefs.  A  collection  of  published  papers  on  Organized  Industrial 
Efficiency.  By  H.  W.  Jacobs.  Topeka,  Kans.,  Crane  &  Company,  1908. 
Gift  of  author.. 

Civil  Engineers  Society  of  St.  Paul,  List  of  Members.  April  1,  1909.  St. 
Paul,  Minn.,  1909.     Gift  of  sccie+y. 

Common  Metals  (non-ferrous)  Met  a  liturgy  of  Copper,  Tin,  Zinc,  Lead,  Anti- 
mony, Aluminum  and  Nickel.  By  .\.  H.  Sexton  and  J.  S.  G.  Primrose. 
Manchester  Scientific  Pub.  Co. 

Correspondance  au  Sujet  de  la  Notion  du  Travail.     Liege,  1908.     Gift  of 

C.  W.  Rice. 

Cyrus  Hall McCormick.     His  Life  and  Work.     By  H  N.  Casson.     Chicago,  III., 

A.  C.  McClurg  &  Co.,  1909. 
Electromotive   Force   Wave-Shape   in   Alternatore;      By   C.    A.   Adams. 

(Reprint  from  A.  I.  E.  E.  Proceedings,,  July  1909.) 
Elements  of  Mechanics  of  Materials.     By  C.  E.  Houghton.     New  York, 

D.  Van  Nostrand  Co.,  1909. 

Engineering  of  Ordnance.     By  A.  T.  Dawson.     (Supplement  to  Transactions, 

Junior  Institution  of  Engineers.    Vol.  19.)     London,  1909. 
Experimental  Study  of  Bagasse  and  Bagasse  Furnaces.     By  E.  W.  Kerr 

and  E.  M.  Percy.     Baton  Rouge,  La.,  1909.     Gift  of  Louisiana  State  Uni- 
versity Experiment  Stations. 
FtJNFZEHNTEN  Internationaler  Strassenbahn  und  Kleinbahn  Kongress, 

MiJNCHEN,  Sept.  7-10,  1908.    Brussels,  1908.     Gift  of  Elektr.  I^aftbetrieve 

und  Bahnen. 
From  Canoe  to  Tunnel.     A  sketch  of  the  History  of  Transportation  between 

Jersey  City  and  New  York,  1661-1909.     Jersey  City,  N.  J.,  1909.     Gift  of 

Free  Pubic  Library,  Jersey  City. 
Indiana  Engineering  Society.     Twenty-ninth  Annual  Report.     Indianapolis, 

Ind.,  1909. 
Journal  of  American  History.     Vol.  1.     No.  2.     1907.     New  Haven,  Conn., 

1907. 
Lavorazione  e  Tempera  Degli  Acciai.     By  A.  Massenz.     Milano,  U.  Hoepli, 

1909. 
Leland  Stanford  Junior  University.     Register,  1908-1909.     San  Francisco, 

Cat.,  1909. 
McGiLL  University.     List  of  Graduates,  corrected  to  July  1906.     Montreal, 

1906. 


ACCESSIONS  TO  LIBRARY  1257 

New   York   State   Commissioner   of   Excise.     Thirteenth   Annual   Report. 

Albamj,  N.  Y.,  1909. 
Pacific  Builder  and  Engineer.     Vol.  8.     No.  39.     Seattle,  Wash.,  1909 
Pole-Face  Losses.     By  C.  A.  Adams,  and  others.     (Reprint  from  A.  I.  E.  E. 

Proceedings,  July  1909.) 
Railway  Locomotive.     By  Vaughan  Pendred.     New  York,  Van  Nostrand  Co., 

1908. 
Reinforced  Concrete  in  Europe.     By  A.  L.  Colby.     Easton,  Pa.,  Chemical 

Pub.  Co.,  1909.     Gift  of  author. 
Robert  Fulton  and  the  Clermont.     By  Alice  Crary  Sutcliffe.     New  York, 

Century  Co.,  1909. 
Selden  Automobile  Patent  Cases. 

Technical  League.     Bulletin.     Vol.  1.     No.  2.     New  York,  1909. 
Testing  Asphalt.     By  Harry  Tipper. 
Treatise  on  Concrete  Plain  and  Reinforced.     Ed.  2.     By  F.  W.  Taylor  and 

S.  E.  Thompson.     New  York,  J.  Wiley  &  Sons,  1909. 
The  Vermont  Engineer.     Annual  pubHcation  of  the  Association  of  Vermont 

Engineers.     Vol.  1.     1909.     Burlington,  Vt.,  1909.     Gift  of  Association. 
Voltage  Ratio  in  Synchronous  Converters  with  Special  Reference  to 

the  Split-Pole  Converter.     By  C.  A.  Adams.     (Reprint  from  A.  I.  E.  E. 

Proceedings,  June  1908.) 
Lo  ZiNCO.     By  R.  Musu-Boy.     Milano,  U.  Hoepli,  1909. 

EXCHANGES 

American  Institute  of  Architects.  Proceedings.  Forty-second  Annual  Con- 
vention, 1908.     Washington,  1908. 

Heat  TRANS^^ssION.  By  W.  E.  Dalby.  (Reprint  from  Institution  of  Mechani- 
cal Engineers.)     London,  1909. 

Institution  of  Naval  Architects.     Transactions.     Vol.  51.     London,  1909. 

Master  Car  Builders' Association.  Arbitration  Cases.  No.  1-603.  Novem- 
ber 188S-October  1900.     Chicago,  111.,    1901. 

National  Association  of  Cotton  Manufacturers.  Transactions.  No.  86. 
Boston,  Mass.,  1909. 

Victorian  Institute  of  Engineers.     Proceedings.     Vol.  9.     Melbourne,  1909. 

Gift  of  Appalachian  Engineering  Association 

Hydraulic  Power  Possiblities  of  the  South.  By  L.  S.  Randolph.  Mor- 
gantown,  1909. 

Lead  and  Zinc  Ores  of  South-Western  Virginia.  By  M.  M.  Caldwell.  Mor- 
gantown,  1909. 

Method  of  Prospecting  for  Coal  Above  Water  Level.  By  Baird  Halber- 
stadt.     Morgantown,  1909. 

Organization  and  Engineering  Difficulties  of  the  Virginian  Railway. 
By  W.  N.  Page.     Morgantown.  1909. 

Properties  and  Uses  of  the  Mineral  Gypsum.  By  F.  A.  Wilder.  Morgan- 
town,  1909. 
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United  Engineering  Societx" 

Engineers'  Club  of  Cincinnati.  Secretary's  Report  and  List  of  Members 
1890-1905,  1907-1909.     Cincinnati,  1890-1905,  1907-1909. 

TRADE  CATALOGUES 

Aluminum  Company  of  America,  Pittsburg,  Pa.     Five  pamphlets. 

Armstrong  Cork  Co.,  Pittsburg,  Pa.     Nonpareil  Corkboard  Insulation.     1909. 

H.  W.  Caldwell  &  Sons  Co.,  Chicago,  III.  Catalogue  No.  34;  elevating,  con- 
veying, and  power  transmitting  machinery.     847  pp. 

De  La  Vergne  Machine  Co.,  New  York  City.  Oilengines,  horizontal,  four-cycle, 
and  vertical  two-cycle  types.     84  pp. 

General  Electric  Co.,  Schenectady,  N.  Y.  Bulletin  No.  4691.  Small  poly- 
phase motors,  6  pp.;  No.  4694.     Portable  sub-stations  for  electric  railways, 

5  pp. ;  No.  4695.  G-I  type  K  enclosed  arc  lamps,  16  pp. ;  No.  4698.  Luminous 
arc  headlights,  6  pp.;  No.  4699.      Motor-driven  air  compressors,  geared  type, 

6  pp.;  No.  4700.  Switchboard  instruments,  type  R-2,  5  pp.;  No.  4701. 
Emergency  straight  air  brake  system,  10  pp.;  No.  4704.  G.  E.-219  railway 
motor,  15  pp.  Price  list  No.  5210,8  pp.  Folder  on  contents  of  November 
G.  E.  Review,  3  pp. 

Glidden  Varnish  Co.,  Cleveland,  O.  Protection  of  iron  and  steel  against  corro- 
sion by  acid,  and  graphite  acid-proof  coating.  8  pp.  Advanced  finishes  for 
modern  building  construction.     8  pp. 

Golden-Anderson  Valve  Specialty  Co.,  Pittsburg,  Pa.  Catalogue  No.  12. 
Valves,  steam  and  water  specialties.     68  pp. 

Langdon-Davies  Motor  Co.,  Ltd.,  London.  Size  and  types  of  motors,  also  use- 
ful tables.     8  pp. 

Sandusky  Foundry  &  Machine  Co.,  Sandusky,  0.  Paper  made  by  "  Millspaugh" 
suction  roll  process.     20  pp. 

Underfeed  Stoker  Co.  of  America.  Chicago,  III.  Publicity  magazine,  October 
1909.     15  pp. 

United  Electric  Light  &  Power  Co.,  New  York  City.  Light,  September  1909. 
12  pp. 

L.  J.  Wing  Manufacturing  Co.,  New  York  City.  Bulletin  No.  6.  "Typhoon" 
turbine  blower  for  mechanical  draft.     15  pp. 


EMPLOYMENT  BULLETIN 

The  Society  has  always  considered  it  a  special  obligation  and  pleasant  duty  to  be  the  medium 
of  securing  better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention 
and  is  most  anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  request.  Copy  for  notices  in  this  Bulletin  should  be  received 
before  the  15th  of  the  month.  The  list  of  men  available  is  made  up  of  members  of  the  Society, 
and  these  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society  who  are 
capable  of  filling  responsible  positions.      Information  will  be  sent  upon  application. 


POSITIONS     AVAILABLE 

080  Experienced  draftsman  in  general  rolling-mill  work,  especially  new  con- 
struction, at  a  large  steel  plant  in  the  middle  West.  State  experience  and  salary 
expected . 

081  Position  competent  designer  of  mathematical  and  optical  instruments 
at  Frankford  Arsenal,  Philadelphia,  Pa.  Address  the  Commanding  Officer, 
giving  full  particulars  as  to  training  and  experience. 

082  Wanted — A  thoroughly  praclical  and  energetic  mechanic  to  take  position 
as  rate  fixer  on  premium  work  in  machine  shop  building  a  line  of  air  compressors. 
Applicant  must  have  had  broad  experience  in  practical  shop  work. 

083  Assistant  professorship,  in  charge  of  design  courses  in  engines,  steam 
turbines,  locomotives  or  gas  engines,  with  assured  advancement  to  full  profes- 
sorship in  few  years,  for  the  right  man.  Institution  desirotis  of  having  its  men 
do  outside  work.  Want  a  man  of  ability  and  experience.  Position  would  pay 
initially  from  $1800  to  $-2000.     Location,  New  York  state. 

084  Thouroughly  competent  young  man  to  take  a  position  as  assistant 
engineer,  particularly  in  connection  with  automobile  work.  Would  like  to  get 
in  touch  with  a  man  who  has  had  shop  experience,  particularly  in  connection 
with  heat  treatments  of  steels  and  other  metals. 


MEN    AVAILABLE 

321  Superintendent  and  manager  desires  change  for  larger  opportunity. 
High  grade  organizer  and  executive.  Specialized  on  equipment,  production,  and 
costs. 

322  General  manager  or  assistant,  gradtiate  M.E.,  at  present  holding  similar 
position,  would  like  to  make  change;  ten  years  practical  experience;  good  execu- 
tive ability,  best  of  references. 
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323  Technical  graduate  desires  position  as  assistant  to  superintendent,  test- 
ing engineer,  or  similar  position;  age  thirty-three;  has  employed  and  had  charge 
of  men. 

324  Junior,  experienced  in  power-plant  design  and  installation;  manufactur- 
ing of  condensers,  pumps,  piping,  etc.;  shop  and  business  experience;  desires 
responsible  position,  best  of  references. 

325  Member,  forty-three  years  of  age,  graduate  M.E.,  experience  as  drafts- 
man, chief  draftsman,  mechanical  engineer,  and  chief  designer  of  steam  engines 
and  compressors.  Will  accept  position  after  February^l,  1910,  with  firm  build- 
ing or  contemplating  building  this  class  of  machinery. 

326  Junior  member,  technical  graduate,  mechanical,  six  years  experience,  at 
present  employed.  Designing,  estimating  costs,  inspecting  and  erecting  with 
car-building  company;  assistant  engineer  with  engineers  and  contractors  on  power 
and  industrial  plant  construction.  Would  prefer  connection  from  January  1, 
1910,  with  engineering  organization  or  manufacturer  in  New  York  city,  as  assistant 
engineer,  assistant  manager  or  sales  engineer. 

327  Member  would  like  connection  with  firm,  or  individual  manufacturer 
who  is  looking  forward  to  gradually  retiring  from  active  oversight  of  business 
and  desires  some  one  to  assume  the  responsibility.  Possess  a  well  rounded  ex- 
perience in  shop  work  and  designing,  and  as  general  superintendent  covering  all 
sides  of  a  business.     Personal  interview  preferred. 

328  Junior  member,  graduate  mechanical  engineer,  specialist  on  gas  engines 
and  refrigeration,  would  like  to  become  associated  with  an  established  consult- 
ing engineer,  or  with  a  firm  needing  an  up-to-date  man. 
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CHANGES  OF  ADDRESS 

ADAMS,  Kilburn  E.  (Junior,  1908),  Mech.  Engr.,  Boston  &  Albany  R.  R.,  Rm. 
372,  South  Sta.,  Boston,  and  for  mail,  123  Oxford  St.,  North  Cambridge, 
Mass. 

ADAMS,  Thomas  D.  (Junior,  1906),  Werner  &  Pfleiderer,  and /or  mail,  619  Emer- 
son St.,  Saginaw,  Mich. 

ALEXANDER,  Edward  E.  (Associate,  1908),  Ch.  Draftsman,  Am.  Loco.  Co. 
Cooke  Wks.,  and /or  mail,  830  E.  23d  St.,  Paterson,  N.  J. 

ANDERSON,  Harry  Warfield  (Associate,  1907),  Anderson-Kent  Co.,  1030  Cand- 
ler Bldg.,  and /or  mail,  Owens  Apts.,  5  E.  3d  St.,  Atlanta,  Ga. 

ARD,  Charles  Edgar  (1908),  Mgr.,  Christopher,  Ard  &  Co.,  Engrs.  and  Contrs., 
Starkville,  Miss. 

BAGGALEY,  Ralph  (Associate,  1891),  Life  Member;  5th  Ave.  and  Emerson  St., 
Pittsburg,  Pa. 

BANTA,  Earle  J.  (1907),  Cincinnati  Equipment  Co.,  Cincinnati,  O. 

BARNES,  Charles  B.  (1905;  1908),  Mech.  Engr.,  Holabird  &  Roche,  Archts., 
Monadnock  Bldg.,  and /or  mail,  1400  E.  53d  St.,  Chicago,  111. 

BEECHER,  J.  F.  (Associate,  1908),  Draftsman,  Pa.  Steel  Co.,  and  for  mail, 
310  N.  2d  St.,  Harrisburg,  Pa. 

BIGELOW,  Charles  H.  (1904),  with  Chas.  T.  Main,  Mill  Engr.,  45  Milk  St.,  Bos- 
ton, and /or  mail,  46  Calhaun  Ave.,  Everett,  Mass. 

BLANCHARD,  Arthur  S.  (Associate,  1909),  Asst.  Genl.  Mgr.,  Birdsboro  Steel 
Fdy.  &  Mch.  Co.,  Birdsboro,  Pa. 

BRIDGE,  James  W.. (Associate,  1905),  Boswell,  Pa. 

BROWN,  Robt.  S.  (1891;  1904),  Secy.,  New  Britain  Mch.  Co.,  and /or  mail, 
16  Forest  St.,  New  Britain,  Conn. 

BURGESS,  Edward  W.  (Junior,  1908),  Metzger  Motor  Car  Co.,  and /or  mail,  147 
Milwaukee  Ave.  E.,  Detroit,  Mich. 

CHAMBERLAIN,  Geo.  E.  (1907),  Pres.,  Lewell  Mfg.  Co.,  1402  Mich.  Ave.,  Chi- 
cago, 111. 

CONLEE,  George  D.  (Junior,  1906),  Supt.,  Binghamton  Gas  Wks.,  40  Chenango 
St.,  and /or  mail,  71  Carroll  St.,  Binghamton,  N.  Y. 

COX,  Claude  E.  (Associate,  1907),  H.  E.  Wilcox  Motor  Car  Co.,  Minneapolis, 
Minn. 

CRANE,  William  Edward  (1887),  Broadalbin,  N.  Y. 

CRAWLEY,  George  E.  (Junior,  1908),  548  W.  124th  St.,  New  York,  N.  Y. 

DAUGHERTY,  Frank  (Junior,  1909),  Cons.  Engr.,'[2109  Chestnut  St.,  Phila- 
delphia, Pa. 

DAVIS,  Edwin  Halsted  (Junior,  1907),  Ch.  Draftsman,  Davidson's  Steam  Pump 
Wks.,  and  for  mail,  256  Martense  St.,  Brooklyn,  N.  Y. 
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EILERS,  Karl  Emrich  (1890;  1904),  Am.  Smelting  &  Refining  Co.,  165  Broadway, 

and /or  mail,  320  Central  Park  W.,  New  York,  N.  Y. 
ENGLISH,  Harry.K.  (Associate,  1908),  213  Glenwood  Blvd.,  Schenectady,  N.  Y. 
EYERMANN,  Peter  (1908),  care  of  Am.  Soc.  M.E.,  29  W.  39th  St.,  New  York, 

N.  Y. 
FITCH,  Alfred  Lyon  (Associate,  1907),  Asst.  Supt.,  Union  Wire  Mattress  Co., 

Blackhawk  St.,  and  Cherry  Ave.,  and /or  mail,  1132  E.  45th  St.,  Chicago, 

111. 
FORSYTH,  William  (1883),  Manager,  1888-1891;  Mech.  Engr.,  R.R.  Age  Gazette, 

303  Dearborn  St.,  and  Windermere  Hotel,  Chicago,  111. 
FRITZ,  Aime  L,  G.  (Junior,  1907),  Tee  Square  and  Triangle  Co.,  30-32  CHnton 

St.,  Newark,  N.  J. 
FROHWEIN,  Richard  W.  (Junior,  1907),  Pur.  Agt.,  M.  H.  Treadwell  Co.,  140 

Cedar  St.,  New  York,  N.  Y.,  and /or  mail,  431  Magee  St.,  EHzabeth,  N.  J. 
GARDNER,  Horace  C.  (1904),  Mgr.  Constr.  and  Mech.  Depts.,  Swift  &  Co.,  and 

for  mail,  Kenwood  Hotel,  Chicago,  111. 
GERRISH,  William  H.  (1901),  Supt.  Soft  Fibre  Dept.,  Columbian  Rope  Co.,  and 

for  mail,  164  W.  Genesee  St.,  Auburn,  N.  Y. 
GIELE,  Walter  S.  (Junior,  1908),  Harrison  Safety  Boiler  Wks.,  Philadelphia, 

Pa.,  and /or  mail,  3  Hamilton  Park,  New  Brighton,  S.  I.,  N.  Y. 
GILLAN,  Howard  A.  (Junior,  1907),  116  W.  102d  St.,  New  York,  N.  Y. 
GODDARD,  Arthur  L.  (1903),  1618  School  St.,  Rockford,  111. 
GOWIE,  William  (1905),  Emily  &  Warren  Aves.,  Crafton,  Pa. 
GREEN,  Chas.  Henry  (Junior,  1905),  Member  of  Firm,  M.  A.  Earl  &  Co.,  Car- 
thage, Mo. 
GROHMANN,  Carl  L.  (1898),  Mech.  Engr.,  Pratt  &  Whitney  Co.,  and /or  mail, 

268  N.  Oxford  St.,  Hartford,  Conn. 
HAGERTY,  Walter  W.  (Junior,  1905),  720-A  Quincy  St.,  Brooklyn,  N.  Y. 
HALE,  Robt.  Sever  (1894;  1897;  1899),  Supt.  Sales  Dept.,  EdisonElec.  III.  Co.,  39 

Boylston  St.,  Boston,  Mass.,  and /or  mail,  1131  Franklin  Ave.,  Wilkinsburg, 

Pa. 
HAMILTON,  Chester  B.,  Jr.  (Junior,  1909),  Smith,  Kerry  &  Chace,  Cons.  Engrs., 

and /or  mail,  43  Madison  Ave.,  Toronto,  Ont. 
HELVEY,  Clarence  H.  (Junior.  1905),  Secy.,  Repubhc  Motor  Car  Co.,  Hamilton, 

O. 
HENDEE,   Edward  Thomas   (Associate,   1908),   Mgr.  Mchy.   Dept.,  Joseph  T. 

Ryerson  &  Son,  and /or  mail,  4143  Sheridan  Rd.,  Chicago,  111. 
HENES,  Louis  G.  (Junior,  1903),  Mgr.  Manning;  Maxwell  &  Moore,  Inc.,  Mgr., 

Commercial  Acetylene  Co.,  247-249  Monadnock  Bldg.,  San  Francisco,  Cal. 
HOLMES,  Walter  G.  (1897;  1907),  Ch.  Draftsman,  Linderman  Mch.  Co.,  Muske- 
gon, Mich. 
HOWARD,  Chas.  Alton  (Junior,  1907),  E.  W.  Bhss  Co.,  Adams  and  Plymouth  Sts., 

Brooklyn,  and /or  mail,  180  W.  76th  St.,  New  York,  N.  Y. 
KEIL,  Gustave  B.  (1908),  Mech.  Engr.,  4109  N.  Paulina  St.,  Chicago,  111. 
KENT,  Wilham  (1880),  Manager,  1885-1888;  V.  P.,  1888-1890;  Rm.  1203,  Mon- 
adnock Bldg.,  Chicago,  III. 
KNOWLTON,  Frederic  K.  (Junior,  1904),  V.  P.  and  Secy.,  M.  D.  Knowlton  Co., 

Rochester,  and /or  mail,  The  Pines,  East  Ave.,  Pittsford,  N.  Y. 
KREBS,  A.  Sonnin  (1901;  Associate,  1905),  Mech.  Engr.,  1368  Gilpin  St.,  Denver, 

Colo. 
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LARKIN,  Everett  P.  (Junior,  1906),  Bridgeport  Brass  Co.,  and  for  mail,  255 

William  St.,  Bridgeport,  Conn. 
LATTIN,  Judson  (1891),  Supt.,  Internatl.  Harvester  Co.  of  Canada,  Ltd.,  Sher- 
man Ave.,  and  106  Ontario  Ave.,  Hamilton,  Ont. 
McMULLEN,  Vincent  E.  (Associate,  1907),  Mech.  Engr.  in  charge  Exp.  Wks., 

Fairbanks,  Morse  Mfg.  Co.,  and /or  mail,  1010  Prairie  Ave.,  Beloit,  Wis. 
MANTON,  Arthur  W.  (1908),  Murray  Hill,  Flushing,  L.  I.,  N.  Y. 
OWENS,  Robert  B.  (Associate,  1892),  Southern  Power  Co.,  Trust  Bldg.,  Charlotte, 

N.C. 
PAYSON,  T.  Elliott  (Associate,  1906),  Supt.,  Edengraph  Mfg.  Co.,  135  W.  3d 

St.,  New  York,  N.  Y.,  and /or  mail,  218  Clerk  St.,  Jersey  City,  N.  J. 
PINNER,  Seymour  W.  (Junior,  1909),  Instr.,  Univ.  of  Mich.,  and /or  mail,  724 

S.  Ingalls  St.,  Ann  Arbor,  Mich. 
PUCHTA,  Edward  (1909),  Asst.  Supt.,  Western  Elec.  Co.,  48th  Ave.  and  W.  24th 

St.,  and /or  mail,  4739  Sheridan  Rd.,  Chicago,  111. 
PULMAN,  Thomas  Chas.  (1908),  153  Queen  Victoria  St.,  London,  England. 
RICHTER,  Arthur  Wm.  (Junior,  1892),  Univ.  of  Montana,  Missoula,  Mont. 
RITCHIE,  Francis  P.  (Associate,  1908),  32  Sussex  Ave.,  Montreal,  P.  Q. 
ROSE,  William  H.  (Junior,  1901),  325  W.  9.3d  St.,  New  York,  N.  Y. 
SALTZMAN,  Auguste  L.  (1908),  Charge  Drafting  Dept.,  Walter  Scott  &  Co.,  and 

for  mail,  605  Madison  Ave.,  Plainfield,  N.  J. 
SCHMIDT,  Charles  R.  (1895),  V.  P.,  Cent.  Fdy.  Co.,  37  Wall  St.,  New  York,  N.  Y., 

and /or  mail,  200  E.  24th  St.,  Baltimore,  Md. 
SMART,  Richard  Addison  (1894;  1900;  1906),  Wks.  Mgr.,  Oliver  Cliilled  Plow 

Wks.,  South  Bend,  Ind. 
SMEAD,  WiUiam  H.  (Junior,  1906),  Genl.  Fire  Extinguisher  Co.,  Warren,  O. 
SMITH,  Edward  S.  (Junior,  1909),  Instr.,  Univ.  of  Va.,  and /or  mail,  P.  O.  Box 

172,  University,  Va. 
STEBBINS,  Theodore  (1903),  14-16  Church  St.,  New  York,  N.  Y. 
STONE,  Mason  A.,  Jr.  (Junior,  1907),  Engrg.  Dept.,  Tide  Water  Oil  Co.,  Bayonne, 

N.  J.,  and /or  mail,  20  E.  35th  St.,  New  York,  N.  Y. 
STURGESS,  John  (1901),  Western  Rep.,  Piatt  Iron  W^ks.  Co.,  and  17  Rockwood 

Ave.,  Dayton,  O. 
TADDIKEN,  J.  F.,  Jr.  (Junior,  1907),  Am.  Beet  Sugar  Co.,  Rocky  Ford,  Colo. 
TAYLOR,  John  W.  (Junior,  1909),  Asst.  Supt.,  Russell  Eng.  Co.,  and /or  mail, 

88  3d  St.,  Massillon,  O. 
TOLTZ,  Max  E.  R.  (1904),  Manistee  &  Grand  Rapids  R.  R.  Co.,  702  Manhattan 

Bldg.,  St.  Paul,  Minn. 
WETMORE,  Charles  P.  (1901),  1316  Carmen  Ave.,  Chicago,  111. 
WHITEHURST,  Herbert  C.  (Junior,  1908),  Mgr.  Evans,  Almirall  &  Co.,  10th 

and  Byrd  Sts.,  Richmond,  Va. 
YOUNG,  William  A.  (1901;  1905;  1906),  522  S.  Arch  St.,  Alliance,  O. 

NEW  MEMBERS 

JACKSON,  F.  W.  (1909),  Dist.  Mgr.,  Harrisburg  Fdy.  &  Mch.  Wks.,  Continental 

Trust  Bldg.,  Baltimore,  Md. 
KOENIG,  Adolph  G.  (Associate,  1909),  Member  of  Firm,  Mortensen  &  Co.,  Engrs. 

and  Contrs.,  401  W.  24th  St.,  New  York,  N.  Y. 
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ANDERSON,  Harry  Warfield  (1909),  Anderson-Kent  Co.,  1030  Candler  Bldg., 

and /or  mail,  Owens  Apts.,  5  E.  3d  St.,  Atlanta,  Ga. 
CONLEE,  George  D.  (1908),  Supt.,  Binghamton  Gas  Wks.,  40  Chenango  St., 

and /or  mail,  71  Carroll  St.,  Binghamton,  N.  Y. 
CRAWLEY,  George  E.  (1908),  548  W.  124th  St.,  New  York,  N.  Y. 
ENGLISH,  Harry  K.  (1909),  213  Glenwood  Blvd.,  Schenectady,  N.  Y. 
HOWARD,  Chas.  Alton  (1908),  E.  W.  BUss  Co.,  Adams  and  Plymouth  Sts., 

Brooklyn,  and /or  mail,  180  W.  76th  St.,  New  York,  N.  Y. 
LUCKETT,  Gustavus  Tyler  (AffiHate,  1908),  Mgr.  Piping  Dept.,  M.  W.  Kellogg 

Co.,  50  Church  St.,  and /or  mail,  603  W.  146th  St.,  New  York,  N.  Y. 
McMULLEN,  Vincent  E.  (1908),  Mech.  Engr.  in  charge  Exp.  Wks.,  Fairbanks, 

Morse  Mfg.  Co.,  and /or  mail,  1010  Prairie  Ave.,  Beloit,  Wis. 
MITKIEWICZ,  R.  S.  de  (Affihate,  1908),  Sales  Engr.,  Alden  Sampson  Mfg.  Co., 

115  Broadway,  and /or  mail,  214  W.  85th  St.,  New  York,  N.  Y. 
SAGE,  Darrow  (AffiHate,  1908),  Ch.  Engr.,  J.  C.  P.  H.,  Hudson  &  Manhattan 

R.  R.  Co.,  Jersey  City  and/or  mail,  20  Ivanhoe  Terrace,  East  Orange  N.  J. 
SAMPSON,  Charles  C.  (Affiliate,  1909),  Inspr.,  Gas  Power  Mchy.,  111.  Steel  Co., 

South  Chicago,  and /or  mail,  046  E.  73d  St.,  Chicago,  111. 


STUDENT  SECTION 

CHANGES  OF  ADDRESS 

BLUM,  Jos-oh  K.  (Student,  1909),  Hotel  San  Remo,  75th  St.  and  Central  Park, 

W.,  New  York,  N.  Y. 
BRAiaiAN,  John  A.  (Student,  1909),  271  W.  71st  St.,  New  York,  N.  Y. 
COONRADT,  AithurC.  (Student,  1909),  635  Longwood  St.,  Rockford,  111. 
COYLE,  J.  F.  (Student,  1909),  2218  E.  101st  St.,  Cleveland,  O. 
HERRMANN.  George  .\.  (Student,  1909),  Rm.  1720,  Ry.  Exchange  Bldg.,  Chicago, 

111. 
HOLLENBERGER,  Th^o.  J.  (Student,  1909),  259  S.  Main  St.,  Akron,  O. 
JANDA,  Jas.  F.  (Student,  1909),  1001  S.  5th  St.,  Champaign,  111. 
MONTAGUE,  Charles  E.  (Student,  1909),  115  W.  Castle  St.,  Syracuse,  N.  Y. 
SHULTS,  L.  J.  (Student,  1909),  1860  S.  Kedzie  Ave.,  Chicago,  111. 
SPERRY,  F.  E.  (Student,  1909),  583  Benton  St.,  Aurora,  111. 
TORRANCE,  C.  Everett  (Student,  1909),  638  Stewart  Ave.,  Ithaca,  N.  Y. 

NEW  MEMBERS 

LELAXD  STANFORD,   JR.,   UNIVERSITY 

BECKLEY,  R.  E.  (Student,  1909),  Stanford  Univ.,  Cal. 
BLEE,  H.  H.  (Student,  1909),  214  Emerson  St.,  Palo  Alto,  Cal. 
BRASSY,  L.  P.  (Student,  1909),  Box  636,  San  Jose,  Cal. 
HERBERT,  E.  H.  (Student,  1909),  Los  Altos,  Cal. 
MESTON,  A.  F.  (Student,  1909).  Stanford  Univ.,  Cal. 
NORWOOD,  C.  T.  (Student,  1900),  Stanford  Univ.,  Cal. 
STEINBECK,  C.  E.  (Student,  1909),  IGngman,  Ariz. 
WARREN,  H.  C.  (Student,  1909),  Stanford  Univ.,  Cal. 

UNIVERSITY  OF  ILLINOIS 

DUNSHEATH,  L.  M.  (Student,  1909),  509  S.  4th  St.,  Champaign,  111. 
HEILMAN,  H.  C.  (Student,  1909),  912  S.  Nevada  St.,  Urbana,  111. 
HUNTINGTON,  C.  S.  (Student,  1909),  906  S.  Fifth  Ave.,  Champaign,  111. 
KREIDLER,  D.  W.  (Student,  1909),  410  Chalmes  St.,  Champaign,  111. 
KUPPATRICK,  H.  J.  (Student,  1909),  501  E.  Green  St.,  Champaign,  111. 
LUND,  J.  (Student,  1909),  506  E.  John  St.,  Champaign,  111. 
SPONSEL,  J.  G.  (Student,  1909),  304  E.  Daniel  St.,  Champaign,  111. 
WESTLAND,  A.  F.  (Student,  1909),  1202  W.  Main  St.,  Urbana,  111. 


COMING  MEETINGS 

November  and  December 

Secretaries  or  members  of  societies  whose  meetings  are  of  interest  to  engineers  are  invited 
to  send  in  their  notices  for  publication  in  this  department.  Such  notices  should  be  in  the 
editor's  hands  by  the  18th  of  the  month  preceding  the  meeting. 

ALABAMA  LIGHT  AND  TRACTION  ASSOCIATION 

November  15,  16,  annual  convention,  Birmingham.     Secy.,  Lloyd  Lyon,  158 

Government  St.,  Mobile. 
AMERICAN  ASSOCIATION    FOR  THE    ADVANCEMENT    OF    SCIENCE 

December  27,  Boston,  Mass.     Secy.,  L.  O.  Howard,  Smithsonian  Institution, 

Washington,  D.  C. 
AMERICAN  CIVIC  ASSOCIATION 

November  15-19,  Cincinnati,  O.     Secy.,  Richard  B.  Watrous,  Harrisburg,  Pa. 
AMERICAN  FEDERATION  OF  TEACHERS  OF  MATHEMATICS 

December  28,  29,  annual  meeting,  Baltimore,  Md.     Secy.,  C.  R.  Mann,  Univer- 
sity of  Chicago. 
AMERICAN  INSTITUTE  OF  ARCHITECTS 

December   14-16,   armual  convention,   Washington,   D.   C.     Secy.,    Glenn 

Brown,  Octagon  Bldg. 
AMERICAN  INSTITUTE  OF  CHEMICAL   ENGINEERS 

December  8-10,  annual  meeting,  Philadelphia,  Pa.     Secy.,  J.  C.  Olsen,  Poly- 
technic Institute,  Brooklyn,  N.  Y. 
AMERICAN  MATHEMATICAL  SOCIETY 

November  27,  University  of  Missouri,  Columbia,  Mo.,  Southwestern  Section. 

Secy.,  O.  D.  Kellogg,  411  Hitt  St. 
AMERICAN  PHYSICAL  SOCIETY 

November  27,  University  of  Illinois,  Urbana,  lU.     Secy.,  Ernest  Merritt, 

Ithaca,  N.  Y. 
AMERICAN  RAILWAY  ASSOCIATION 

November  17,  annual  meeting,  Chicago,  111.     Secy.,  W.  F.  Allen,  24  Park 

PI.,  New  York. 
THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

November  17,  Boston,  Mass.     December  7-10,  annual  meeting,  29  W.  39th 

St.,  New  York.     July  26-29, 1910,  joint  meeting  with  Institution  of  Mechanical 

Engineers,  Great  Britain.     Secy.,  Calvin  W.  Rice,  New  York. 
AMERICAN  SOCIETY  OF  AGRICULTURAL  ENGINEERS 

December  28,  29,  annual  meeting,  Ames,  la.     Secy.,  L.   W.  Chase,  Univ. 

of  Neb.,  Lincoln,  Neb. 
AMERICAN  SOCIETY  OF  REFRIGERATING  ENGINEERS 

December  6,  New  York  meeting.     Secy.  W.  H.  Ross,  154  Nassau  St. 
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AMERICAN  SOCIETY  OF  SWEDISH  ENGINEERS 

November  20,  271  Hicks  St.,  Brooklyn,  N,  Y.  Paper:  Magnetic  Separa- 
tion of  Iron  Ores,  N.  V.  Hansell.     Secy.,  E.  Hammerstrom. 

ASSOCIATION  OF  AMERICAN  PORTLAND  CEMENT  MANUACTURERS 
December  14,  15,  annual  meeting,  New  York.  Secy.,  P.  H.  Wilson,  Land 
Title  Bldg.,  Philadelphia,  Pa. 

ASSOCIATION  OF  TRANSPORTATION  AND  CAR  ACCOUNTING  OFFI- 
CERS 

December  14,  15,  Chattanooga,  Tenn.  Secy.,  G.  P.  Conard,  24  Park  PL, 
New  York. 

BROOKLYN  ENGINEERS'  CLUB 

November  18,  December  2,  117  Remsen  St.,  Brooklyn,  N.  Y.  Papers: 
Pneumatic  Foundations,  T.  K.  Thomson,  Mem.Am.Soc.M.E.;  Steel  Sheet 
Piling,  A.  R.  Archer.     Secy.,  Joseph  Strachan. 

CENTRAL  ELECTRIC  RAILWAY  ASSOCIATION 

November  18,  Claypool  Hotel,  Indianapolis,  Ind.  Papers:  ACentraUzed 
Testing  Organization,  J.  G.  Callan;  PubUcity,  A.  D.  B.  Van  Zandt;  The  Claim 
Adjusters'  Association,  E.  C.  Carpenter;  The  Transportation  and  Traffic 
Association,  J.  B.  Crawford.     Secy.,  A.  L.  Neereamer. 

CENTRAL  RAILWAY  AND  ENGINEERING  CLUB  OF  CANADA 

November  16,  December  21,  Prince  George  Hotel,  Toronto.  Papers:  Gas 
Engines,  their  Origin  and  Commercial  Use,  D.  M.  Henderson;  Gas  Manu- 
facture, C.  G.  Herring.     Secy.,  C.  J.  Worth,  Union  Sta. 

COLORADO  SCIENTIFIC  SOCIETY 

December  18,  annual  meeting,  Denver.  Secy.,  Dr.  W.  A.  Johnston,  801 
Symes  Bldg. 

EASTERN  ICE  ASSOCIATION 
November  18-20,  New  York. 

EMPIRE  STATE  GAS  AND  ELECTRIC  ASSOCIATION 

November  17,  18,  29  W.  39th  St.,  New  York.     Secy.,  C.  H.  B.  Chapin. 

ENGINEERS'  CLUB  OF  PHILADELPHIA 

November  20.  Paper:  Rating  of  Pitot  Tubes  for  Use  in  Testing  a 
Niagara  Power  Plant.     Secy.,  W.  P.  Taylor. 

ENGINEERS'  CLUB  OF  ST.  LOUIS 

December  1,  annual  convention,  3817  Ohve  St.  Secy.,  A.  S.  Langdorf, 
Washington  University. 

ENGINEERS'  CLUB  OF  TORONTO 

November  18.  Paper:  Facts  and  Figures  Relating  to  Producer  Plant  Prac- 
tice, M.  Chapman.     Secy.,  R.  B.  Wolsey. 

FRANKLIN  INSTITUTE 

December  10,  Witherspoon  Hall,  Philadelphia,  Pa.  Lecture:  Perils  of 
Peace,  or  A  Safer  America,  W.  H.  Tolman. 

MODERN  SCIENCE  CLUB 

November  16,  23,  30,  125  S.  Elliott  PI.,  Brooklyn,  N.  Y.  Papers:  Globe, 
Gate  and  Check  Valves,  Russell  Bonnell;  The  Use  of  Incandescent  Lamps 
in  Illumination,  B.  F.  Fisher,  Jr.;  Water  Storage  for  Power  in  the  Adiron- 
dacks,  W.  T.  Donnelly,  Mem.Am.Soc.M.E.     Secy.,  J.  A.  Donnelly. 

NATIONAL  ASSOCIATION  OF  RAILWAY  COMMISSIONERS 

November  16,  annnal  meeting,  Washington,  D.  C.  Secy.,  M.  S.  Decker, 
Albany,  N.  Y. 
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NATIONAL  CIVIC  FEDERATION 

November  22,  23,  annual  meeting.  New  York.     Secy.,  D.  L.  Cease,  Metro- 
politan Bldg. 
NATIONAL  COMMERCIAL  GAS  ASSOCIATION 

December  12,  14,  annual  convention,  Madison  Square  Garden,  New  York. 

Secy.,  L.  S.  Bigelow,  Light  Publishing  Co.,  WilUmantic,  Conn. 
NATIONAL  GAS  AND  GASOLENE  ENGINE  ASSOCIATION 

November  30,  December  1,  2,  LaSalle  Hotel,  Chicago,  111.     Secy.,  Albert 

Stritmatter,  Cincinnati,  O. 
NATIONAL  MUNICIPAL  LEAGUE 

November  15-19,  Cincinnati,  0.     Secy.,  C.  R.  Woodruff,  121  S.  Broad  St., 

Philadelphia,  Pa, 
NATIONAL  SOCIETY  FOR  PROMOTION  OF  INDUSTRIAL  EDUCATION 

December  1-3,  annual  convention,  Milwaukee,  Wis.     Secy.,  J.  C.  Monaghan, 

20  W.  44th  St.,  New  York. 
NEW  JERSEY  SANITARY  ASSOCIATION 

December  ,3,  4,  annual    meeting,   Laurel-in-the-Pines,   Lakewood.     Secy., 

J.  A.  Exton,  75  Beech  St.,  Arlington. 
NEW  YORK  RAILROAD  CLUB 

November  19,  29  W.  39th  St.     Paper:  The  Handling  of  Freight  at  Terminals, 

H.  McI.  Harding.     Secy.,  H.  D.  Vought,  95  Liberty  St. 
OHIO  SOCIETY  MECHANICAL,  ELECTRICAL  AND  STEAM  ENGINEERS 

November  19,  20,  main  annual  meeting,  Lima,  O.     Secy.,  David  Gaehr, 

Schofield  Bldg.,  Cleveland. 
RICHMOND  RAILROAD  CLUB 

December  13.     Paper:  Block  Signals,  Chas.  Stephens.     Secy.,  F.  O.  Robin- 
son. 
ROCHESTER  ENGINEERING  SOCIETY 

December  10,  annual  meeting.     Secy.,  John  F.  Skinner  ,  54  City  Hall. 
SHORT  LINE  RAILROAD  ASSOCIATION 

December  14,  annual  meeting.  New  York.     Secy.,  J.  N.  Drake,  60  Wall  St. 
SOCIETY  OF  NAVAL  ARCHITECTS  AND  MARINE  ENGINEERS 

November  18-19,  general  meeting,  29  West  39th  St.,  New  York.     Papers: 

AppUcations  of  Electricity  to  the~  Propulsion  of  Naval  Vessels,   W.   L.   R. 

Emmet,    Mem.Am.Soc.M.E.;   The"*  Producer-Gas   Boat   Marenging,    H.    L. 

Aldrich,  Assoc.Mem.Am.Soc.M.E.;'The  Foreign  Trade  Merchant  Marine,  G. 

W.  Dickie,  Mem.Am.Soc.M.E.;  Material-Handling  Arrangements  for  Vessels 

on  the  Great  Lakes,  A.  E.'Brown,   Mem.Am.Soc.M.E.,  etc.     Secy.,  W.  J. 

Baxter. 
SOUTHERN  AND  SOUTHWESTERN  RAILWAY  CLUB 

November  18,  annual  meeting,  Candler  Bldg.,  Atlanta,  Ga.     Papers  on  Oil 

Lamps,  Front-End  Arrangements,  Draft-Rigging.     Secy.,  A.  J.  Merrill,  218 

Prudential  Bldg. 
SOUTHWESTERN  ICE  MANUFACTURERS'  ASSOCIATION 

November  16-18,  San  Antonio,  Tex. 
WASHINGTON  SOCIETY  OF  ENGINEERS 

November  24,  anniversary  celebration.     Secy.,  Paul  Bausch. 
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WESTERN  SOCIETY   OF   ENGINEERS 

November  20,  December  1,  1735  Monadnock  Blk.,  Chicago,  111.  Papers: 
The  Panama  Railroad,  Ralph  Budd;  Compressed  Air  in  Contract  Work, 
M.  W.  Briseler;  River  and  Harbor  Improvements  at  Chicago  and  the  Calu- 
met, T.  H.  Rees. 

MEETINGS  TO  BE  HELD  IN  THE  ENGINEERING  BUILDING 

Date 
November  Society  Secretary  Time 

16  New  York  Telephone  Society T.  H,  Lawrence 8 .  00 

17-18    Empire  State  Gas  and  Electric  Asso C.  H.  B.  Chapin All  day 

18-19    Naval  Architects  and  Marine  Engineers. .  .  .W.  J.  Baxter All  day 

19  New  York  Railroad  Club H.  D.  Vought 8.15 

24  Municipal  Engineers  of  City  of  New  York.  ..CD.  Pollock 8.15 

December 

1  Wireless  Institute S.  L.  Williams 7.30 

2  Blue  Room  Engineering  Society W.  D.  Sprague 8.00 

4  Amer.  Soc.  Hungarian  Engrs.  and  Archts .  .  Z.  DeNemeth 8 .  30 

7-10  The  American  Society  Mech.  Engineers.  .  .  .Calvin  W.  Rice 

9  Illuminating  Engineering  Society P.  S.  Millar 8.00 

10  American  Institute  of  Electrical  Engineers,  .R.  W.Pope 8.00 

17  NewYork  Railroad  Club H.  D.  Vought 8.15 

21  New  York  Telephone  Society T.  H.  Lawrence 8.00 

22  Municipal  Engineers  of  City  of  N.  Y CD.  Pollock 8.15 


OFFICERS  AND  COUNCIL 

PRESIDENT 
Jessb  M.  Smith New  York 

VICE-PRESIDENTS 

L.  P.  Breckenridgb Urbana,  111. 

Fred  J.  Miller Center  Bridge,  Pa. 

Arthxtr  West E.  Pittsburg,  Pa. 

Terms  expire  at  Annual  Meeting  of  1909 

Geo.  M.  Bond   Hartford,  Conn 

R.  C.  Carpenter Ithaca,  N.  Y. 

F.  M.  Whytb  New  York 

Terms  expire  at  Annual  Meeting  of  1910 

PAST  PRESIDENTS 
Members  of  tlie  Council  for  1909 

Ambrose   Swasby    Cleveland,  O 

John  R.  Freeman Providence,  R.  I. 

Frederick  W.  Taylor    Philadelphia,   Pa. 

F.  R.  HuTTON New  York 

M.  L.  Holman St.  Louis,  Mo. 

MANAGERS 

G.  M.  Basford   New  York 

A.  J.  Caldwell  (Deceased) Newburg,  N.  Y. 

A.  L.  RiKER  Bridgeport,  Conn, 

Terms  expire  at  Annual  Meeting  of  1009 

Wm.  L.  Abbott  Chicago,  111. 

Alex.  C.  Humphreys  New  York 

Henry  G.  Stott New  Rochelle,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1910 

H.  L.  Gantt  New  York 

I.  E.  MouLTROP   Boston,  Mass. 

W.  J.  Sando    Milwaukee,   Wis. 

Terms  expire  at  Annual  Meeting  of  1911 

TREASURER 
William  H.  Wiley  New  York 

HONORARY  SECRETARY 
F.  R.  HiJTTON   New  York 

CHAIRMAN  OF  THE  FINANCE  COMMITTEE 
Arthub  M.  Waitt   Now  York 

SECRETARY 
Caltin  W.  Rice 29  West  39th  Street,  New  York 
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EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


JsssB  M.  Smith,  Chairman 

AUBX.   C.   HUMPHRBTS 


F.   R.   HUTTON 

Fred  J.  Miller 


F.  M.  Whytb 


STANDING  COMMITTEES 


FINANCE 
Arthur  M.  Waitt  (1),  Chairman 
Edward  F.  Schnuck  (2) 

Waldo  H.  Marshall  (5) 


Gbo.  J.  Roberts  (3) 
Robert  M.  Dixon  (4) 


HOUSE 

Henry  S.  Loud  (1),  Chairman  Bernard  V.  Swenson  (3) 

William  Carter  Dickerman  (2)  Francis  Blossom  (4) 

Edward  Van  Winkle  (5) 


LIBRARY 
John  W.  Lieb,  Jr.  (4),  Chairman 
H.  H.  Suplbb  (1) 

Chas.  L.  Clarke  (5) 


Ambrose  Swasey  (2) 
Leonard  Waldo  (3) 


MEETINGS 
Willis  E.  Hall  (1),  Chairman 
Wm.  H.  Bryan  (2) 

H.  DB  B.  Parsons  (5) 


L.  R.  POMEROY  (3) 

Charles  E.  Lucke  (4) 


MEMBERSHIP 

Henry  D.  Hibbard  (1),  Chairman 
Charles  R.  Richards  (2) 

HosBA  Webster  (5) 


Francis  H.  Stillman  (3) 
George  J.  Foran  (4) 


PUBLICATION 

Arthur  L.  Williston  (1),  Chairman 
D.  S.  Jacobus  (2) 

Geo.  I,  RocKwooD  (6) 


H.  F.  J.  Porter  (3) 
H.  W.  Spangler  (4) 


RESEARCH 
W.  F.  M.  Goss  (5),  Chairman 
Jas.  Christie  (1) 

Chas.  B.  Dudley  (4) 


R.  C.  Carpenter  (2) 
R.  H.  Rice  (3) 


Note. — Numbers  in  parentheaea  indicate  length  of  term  in  yean  that  the  member  haa  yet 
to  lerre. 
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SPECIAL  COMMITTEES 
1909 

On  a  Standard  Tonnage  Basis  for  Refrigeration 
D.  S.  Jacobus  G.  T.  Voorhees 

A.  P.  Trautwein  Philip  Db  C.  Ball 

E.  F.  Miller 


John  E.  Sweet 


On  Society  History 
Ohas.  Wallace  Hunt 


H.  H.  SUPLEE 


On  Constitution  and  By-Laws 
Chas.  Wallace  Hunt,  Chairman 
G.  M.  Basford 

Jesse  M.  Smith 


F.  R.  Hutton 
D.  S.  Jacobus 


On  Conservation  of  Natural  Resources 
Geo.  F.  Swain,  Chairman 
Charles  Whttinq  Baker 

Calvin  W.  Rice 


L.  D.  Burlingame 

M.  L.  HOLMAN 


On  International  Standard  for  Pipe  Threads 


E.  M.  Herr,  Chairman 
William  J.  Baldwin 


Geo.  M.  Bond 
Stanley  G.  Flaqo,  Jr. 


On  Thurston  Memorial 
Alex.  C.  Humphreys,  Chairman 
R.  C.  Carpenter 

Fred  J.  Miller 


Chas.  Wallace  Hunt 
J.  W.  LiEB,  Jr. 


Oit  Standards  for  Involute  Gears 
Wilfred  Lewis,  Chairman 
Hugo  Biloram 

Gaetano  Lanza 

On  Povxr  Tests 

D.  S.  Jacob DS,  Chairman  L.  P.  Breckenridge 

Edward  T.  Adams  William  Kent 

George  H.  Barrus  Charles  E.  Lucre 


E.  R.  Fellows 
,C.  R.  Gabriel 


Edward  F.  Miller 

Arthur  West 

Albert  C.  Wood 


On  Land  and  Building  Fund 
Fred  J.  Miller,  Chairman 

R.    C.    McKlNNEY 


James  M.  Dodge 
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SOCIETY  REPRESENTATIVES 
1909 

On  John  Fritz  Medal 
Henry  R.  Towns  (1)  F.  R.  Hutton  (3) 

Ambrose  Swasey  (2)  Chas.  Wallace  Hunt  (4) 

On  Board  of  Trustees  United  Engineering  Societies  Building 

Chas.  Wallace  Hunt  (1)  F.  R.  Hutton  (2) 

Fred  J.  Miller  (3) 

On  Library  Conference  Committee 
J.  W.  LiEB,  Jr.,  Chairman  of  the  Library  Committee  of  The  Am.  Soc.  M.  E. 

On  National  Fire  Protection  Association 
John  R.  Freeman  Ira  H.  Woolson 

On  Joint  Committee  on  Engineering  Education 
Ajlxx.  C.  Humphreys  F.  W.  Taylor 

On  Government  Advisory  Board  on  Fv^ls  and  Structural  Materialt 

Geo.  H.  Barrus  P.  W.  Gates 

W.  F.  M.  Goss 

On  Advisory  Board  National  Conservation  Commission 

Geo.  F.  Swain  John  R.  Freeman 

Chas.  T.  Main 

On  Council  of  American  Association  for  the  Advancement  of  Science 
Alex.  C.  Humphreys  Fred  J.  Miller 


NoTB. — Numbers  in  parentheses  indicate  length  of  term  in  yean  that  the  member  has  yet 
to  serre. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 

1909 

CHAIRMAN 
F.   R.   Low 

SECRETARY 
Geo,  a.  Orrok 

GAS  POWER  EXECUTIVE  COMMITTEE 
F.  H.  Stillman,  Chairman  G.  I.  Rockwood 

F.  R.  HUTTON  H.  H.  SUPLBB 

R.  H.  Fbrnau) 

GAS  POWER  MEMBERSHIP  COMMITTEE 
Robert  T.  Lozier,  Chairman  D.  B.  Rushmore 

Albert  A.  Cart  A.  F.  Stillman 

H.  V.  O.  Goes  G.  M.  S.  Tait 

A.  E.  Johnson  George  W.  Whtte 

F.  S.  Kino  S.  S.  Wter 

GAS  POWER  MEETINGS  COMMITTEE 
Cecil  P.  Poole,  Chairman  E.  S.  McClelland 

R.  T.  Kent  C.  T.  Wilkinson  C.  W.  Obert 

GAS  POWER  LITERATURE  COMMITTEE 
C.  H.  Benjamin,  Chairman  L.  S.  Marks 

H.  R.  CoBLEiQH  T.  M.  Phbtteplace 

G.  D.  CONLEB  G.  J.  Rathbun 
R.  S.  DE  MiTKIEWICE                                                                                          W.  RaCTENSTRAUCH 

L.  V.  Goebbbls  S.  a.  Reeve 

L.  N.  LuDY  A.  J.  Wood  A.  L.  Rice 

GAS  POWER  INSTALLATIONS  COMMITTEE 
J.  R.  BiBBiNS,  Chairman  A.  Bbuent 

L.  B.  Lent 

GAS  POWER  PLANT  OPERATIONS  COMMITTEE 

I.  E.  MouLTROP,  Chairman      H.  J.  K.  Freyn  C.  H.  Parker 

J.  D.  Andrew  N.  T.  Harrington  J.  P.  Sparrow 

W.  H.  Blauvelt  J.  B.  Klumpp  A.  B.  Stebn 

V.  Z.  Caracristi  G.  L.  Knight  F.  W.  Walker 

E.  P.  Coleman  J.  L.  Lyon  C.  W.  Whiting 

C.  J.  Davidson  D.  T.  MacLeod  Paul  Winsor 

W.  T.  Donnelly  V.  E.  McMullen  T.  H.  Yawgbr 

GAS  POWER  STANDARDIZATION  COMMITTEE 
C.  E.  Luckb,  Chairman  E.  T.  Adams 

ARTHtTB  West  Jambs  D.  Andrew 

J.  R.  BiBBiMS  H.  F.  Smith 

Louis  C.  Doblunq 
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OFFICERS  OF  STUDENT  BRANCHES 

STUDENT     BRANCH 

AUTHORIZED 
BT  COUNCIL 

HONORART     CHAIR- 
MAN 

PRESIDENT 

SECRETARY 

1908 

Sterens  Inst.of  Tech., 

December  4 

Alex.  C.  Humphreys 

H.  H.  Haynes 

R.  H.  Upfon 

Hoboken,  N.  J. 

Cornell   University, 

December  4 

R.  C.  Carpenter 

C.  F.  Hirshfeld 

Ithaca,  N.  Y. 

1909 

Armour  Inst,  of  Tech. 

March  9 

C.  F.  Gebhardt 

N.  J,  Boughton 

M.  C.  Shedd 

Chicago,  111. 

Leiand  Stanford,  Jr., 

March  9           W.  F.  Durand 

P.  H.  Van  Etten 

H.  L.  Hess 

University,    Palo 

Alto,  Cal. 

Polytechnic  Institute, 

March  9        :  W.  D.  Ennis 

J.  S.  Kerins 

Percy  Gianella 

Brooklyn,  N.    Y. 

State  Agri.  College  of 

March  9        [  Thos.  M.  Gardner 

J.  J.  Karstetter 

S.  H.  Graf 

Oregon,  Corvallis, 

Ore. 

Purdue   University, 

March  9 

L.  V.  Ludy 

E.  A.  Kirk 

J.  R.  Jackson 

Lafayette,  Ind. 

Univ.   of   Kansas, 

March  9 

P.  F.  Walker 

H.  S.  Coleman 

John  Garver 

Lawrence,  Kan. 

New    York    Univ., 

C.  E.  Houghton 

Andrew  Hamilton 

New  York. 

Univ.   of   Illinois, 

W.  F.  M.  Goss 

W.  F.  Colman 

S.  G.  Wood 

Urbana,  111. 

Penna.  State  College 

State  College,  Pa. 

112751 


ADVERTISING      SUPPLEMENT 


SECTION    I 


Machine  Shop  Equipment 


Machine   Shop  Equipment       ...  -  -  Section    1 

Power  Plant   Equipment  ...  -  -  Section   2 

Hoisting  and  Conveying  Machinery.      Power  Transmission      -  Section   3 

Engineering    Miscellany  .  -  -  -  .  Section  4 

Directory  of   Mechanical   Equipment  ...  Section   5 


THE   WARNER   &    SWASEY    COMPANY 


NEW  YORK 


CLEVELAND 


CHICAGO 


No.  3  Hollow  Hexao'on  Turret   Lathe. 


Hollow  He.xagon  Turret  Lathes  are  powerful  and  rigid,  convenient  in 
operation,  and  their  product  is  turned  out  with  great  accuracy  and  econ- 
omy.     Our  catalogue  gives  the  details.      It  will  be  sent  on  request. 


FOR  MULTIPLE  THREAD  AND  SPIRAL  GEAR  CUTTING 


External  and  Internal  threads  of  any  standard,  taper  threads,  spur  gears, 

worms,  circular  racks,  steel  springs,  long  splines  in  shafts,  etc.,  etc. 

No  other  machine  can  compete  in  point  of  efficiency, 

speed,   precision  and    finish  with 

THE    P.  <&  W.    THREAD    MILLING    MACHINES 
PRATT  (Si  AVHITNEY  CO..   HARTFORD,  CONN 


EXTRACTS  FROM  THE  BOOK  OF  THE 

Copies  of  the  book 


Samples  of   Chuck  Work 


Samples  of  Bar  Work 


JONES  &  LAMSON 

Springfield,  Vr.,    U.  S.  A.;   97   Queen    Victoria   St.,  London,   England 


HARTNESS    FLAT  TURRET   LATHE 

sent  on  reqvest 


Samples  of  Bar  Work 


Samples  of  Bar  or  Chuck  Work 


MACHINE  COMPANY 

Gei-mariy,  Holland,  Belgium,  Switzerland  and  Austria-Hungary:  M.  Koyemann,  Chariot tenstrasae 
112,  Dusseldorf,  Germany.  France  and  Spain:  Ph.  Bonvillain  and  E.  Ronceray,  9  and  11,  Rue  dea 
Envierges,  Paris,  France.      Italy:   Adler  &  Eisenschitz,  Milan. 

3 


HERE  IS  THE 

STORY  OF 


Trade 


C 


Mark 


REGISTERED 


Beware  of 
Imitations 


NICHOLS  TAP  AND 

REAMER  WRENCH 

Never  Loosens  its   Grip, 

as  the  Handle  does  not 

Rotate.      Years  on 

the  Market,  and 

Superior   To 

All  Others 


THAT'S  ALL! 

THE  J.  M.  CARPENTER 

TAP  &  DIE  COMPANY 

PAWTUCKET,   R.   I.,     U.  S.  A 


Improved  Adjustable  Jaw=Bases 


This  new  cut,  here  first  published,  shows  our  Patent  Convert- 
ible 2  and  3  Jaw  Heavy  Pattern  Turret  Lathe  Chucks  and  the 
new  Patent  Independently  Adjustable  Jaw-Bases,  which  may  be 
inserted  interchangeably  in  Chucks  of  this  type,  when  desired, 
in  place  of  the  regular  forms  of  Jaws 

FULL  PARTICULARS  AND  PRICES   UPON  INQUIRY 

THE  D.  E.  WHITON  MACHINE  CO.,  New  London,  Conn., U.S. A. 


The  Standard  Tool  Cos 


End    Mills 


With  Standard  or  Brown  &  Sharpe  Taper  Shanks 

CXEVELAND,  O., U.S.A., and  94  Reade  St.,  New  York 

MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


Morse  Twist  Drill  &  Machine  Co. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 

Makers  of  Drills,  Reamers,  Cutters,  Chucks,  Taps,  Dies,  Arbors, 
Counterbores,  Countersinks,  Gauges,  Machines,  Mandrels,  Mills, 
Screw   Plates,    Sleeves,   Sockets,    Taper  Pins     and   Wrenches 


WE    BUILD    A  COMPLETE   LINE  OF    NEW   AND    UP-TO-DATE 

BOLT  AND  NUT 

MACHINERY 


Including  ... 

Bolt  Cutters  (threaders),  Bolt  and  Rivet 
Headers,  Upsetting  and  Forging  Machines, 
Hot  Pressed  Nut  Machines,  Nut  Tappers, 
Washer  Machines,  Wire  Nail  Machines 
and  Lag  Screw  Gimlet  Pointers 


N 


ATIONAL MACHINERY    0 

TIFFIN.OhlO.U.S.A    \j 


Washburn   Speed    Lathes 

We  are  prepared  to  furnish  these  Speed  Lathes 
with  either  A.C.  or  D.C.  motors  and  any  regular 
voltage,  fitted  with  our  new  variable  speed  device. 

THE   WASHBURN   SHOPS 

of  the 

Worcester   Polytechnic   Institute 

WORCESTER,  MASS. 


\\  orcester  Drill^Qrinders 
W  ashburn  Sensitive  Drills 


Washburn  Speed  Lathes 
Worcester  Drawing  Stands 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT  CHESTER.   N.  Y. 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works   at  Rock    Falls,    III. 


LIBRARY 

OF 

SCIENCE  AND  ENGINEERING 

The  American  Institute  of  Mining  Engineers 
The   American  Society  of  Mechanical  Engineers 
The  American  Institute  of  Electrical  Engineers 

IN  THE 

ENGINEERING  SOCIETIES  BUILDING 

29  West  39th  St.,  New  York 

A  library  of  50,000  volumes  and  450  current  technical  periodicals  is  at  the  service  of  members 
of  the  three  Founder  Societies.     Members  are  invited  to  extend  the  courtesies  to  non-members. 

The  Library  needs  to  complete  its  set,  a  copy  of  LE  GeNIE  CIVIL, 
No.  6,  Vol.  52,  Dec.  7,  1907. 

Address  the  Secretary  of 

The  American  Society  of  Mechanical  Engineers 
29  West  39th  St.,  New  YorK 


ADVERTISING     SUPPLEMENT 


SECTION  2 


Power  Plant  Equipment 


Machine  Shop  Equipment      -----  Section    1 

Power  Plant   Equipment          -----  Section  2 

Hoisting   and  Conveying   Machinery.      Power  Transmission   -  Section   3 

Engineering  Miscellany            -----  Section  4 

Directory   of  Mechanical   Equipment                 -               -               -  Section   3 


^KOlSMiP^li^M 


CORLISS,  WIS.,  U.  S.  A. 

U.  S.  GOV'T,  NAVY  DEPT. — 1000  Mile  Comparative  Steaming  Test. 

U.  S.  S.  Birmingham  (Reciprocating  Engines)  30  tons  coal  per  hour. 
"        Chester  (Parsons  Turbines)         -         40        "  " 

"        Salem  (Curtis  Turbines)        -  -     49        "  " 

The  Turbines  took  33^%  and  63^%  more  fuel  than  the  engines. 

The  Navy  Department  is  operating  five  Wisconsin  Engines. 


MASON 

REDUCING  VA^LVES 


reduce  and  maintain  an  even  pressure  of 
steam,  air  or  water,  regardless  of  changes 
In  the  initial  pressure.  Can  be  set  for 
any  pressure  by  turning  a  key  and  do  not 
have  to  be  locked — the  engineer  retains  the 
key.    They  are  absolutely  accurate 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS.,  U^S.A . 


IMMUNE   TO   the    evils   of    EXPANSION 


^ 


^UHy 


HAS 


PROVED 


% 


ITS 


SUPERIOR  COMPARATIVE  MERITS 

FOR 

BOILER  BLOW-OFF,  ETC. 


BECAUSE    IT 


meets    requirements    perfectly 
without    repairs    or    complaint 

SPECIFIED  AND  USED  BY  \.l'Sh'SIHu.. 

JOHN  SIMNIONS  CO.,  no  centre  st..  New  York.  N.  Y. 


FOOS   PRODUCER  GAS   ENGINES 

FOR   ELECTRIC  LIGHT  AND  POWER   PLANTS 


Vertical   Multiple  Cyliader  Engines  20  to  500  H.P. 

JAMES  BEGGS  &  CO.,  109  Liberty  St.,  NEW  YORK 

Write  for  our   Catalogue  B 

The   Buckeye   Four -Stroke   Cycle 

GAS  ENGINE 

SINGLE  and  DOUBLE  ACTING 


In  powers  from  50  to  6000  Horses 

Catalogs  on  Application  Free  from  Complications 

BUCKEYE  ENGINE  CO.,  Salem,  Ohio 


Nash  Gas  Engines 

and  Producers 

are  simple,   economical  and   reliable,   and 
have    demonstrated     their    superiority    in 

service. 

Simple,  because  they  are  cap- 
able of  running  at  their  rated 
load  for  ten  consecutive  hours  on 
one  charge  of  fuel. 

Ecoyiomical,  because  the  fuel 
consumption  is  but  one  pound  of 
coal  per  B.H.P.  hour. 

Reliable,  because  they're  Nash. 
WE  MANUFACTURE  A  COMPLETE  LINE  OF  WATER  METERS  i"TO  eC 

National  Meter  Co. 

NEW  YORK  CHICAGO  BOSTON 


^ — 1 

ittilr  >^ 

WARREN  GAS     ENGINES  AND 

SUCTION  GAS  PRODUCERS 

Heavy  overload  capacity.     Close  regulation.      Positive  lubrication 

Positive  circulation  of  cooling  water.      No  joints  between 

combustion    chamber    and    water    jackets 

All  valve  cages   removable 

The   most  reliable   and  economical  motive  power  obtainable 
Ask  your  consulting  engineer  to   investigate 


STRUTHERS-WELLS    CO., 


Warren,  Pa. 


New  York,   50  Church  Street 


Pittsburg,     310   House  Building 


Robb-Mumford  Boiler  Co. 


Successors  to 

EDWARD  KENDALL  &  SONS 

CHARLES  RIVER  IRON  WORKS 


Manufacturers  of 

Return  Tubular,  Water  Tube,  internally  fired  and  other 
types  of  Boilers;  Smoke  Stacks,  Tanks,  Etc. 

Works:— SOUTH  FRAMINGHAM,  MASS. 

Sales  Office  New  York  Office 

131  State  St.,  Boston  90  West  Street 

THE 
RIDGWAY    ENGINE    AND    RIDGWAY    DYNAMO 

as   assembled    into   a   Ridgway   unit 


Made  for   each   other   and   for   you   or   for   any 
one  who  wants  perfect  units.     Particularsf  Ask 

Ridgway    Dynamo   &  Engine  Co. 

Ridgway,  Penna. 
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MURRAY    WATER    TUBE    BOILER 

BEST  IN  DESIGN,  WORKMANSHIP  AND  MATERIAL 


Incorporated  Feb.  I,  1870 


MURRAY  IRON  WORKS  CO. 

BURLINGTON,  IOWA 


SPEEDWAY    GASOLINE    ENGINES 


The  Speedway  Engine  the  Most  Motlern  Design  and  the  Highest  Development 
in  the  Gas  Engine  Art.  These  are  not  Cheap  Engines  unless  the  BEST  is  con- 
sidered an  Economy.     Good  Value  in  Exchange  for  Good  Price. 

GAS  ENGINE  &  POWER  CO.  and  CHARLES  L.  SEABURY  &  CO. 

CONSOLIDATED 
MORRIS   HEIGHTS,   NEW  YORK,    N.Y. 

Also   Yacht   and   Launch   Builders  and  Manufacturers  of  Seabury  Water  Tube 
Boilers  and  Marine  Steam  Engines.  Send  10  cent  stamp  for  Catalogue. 
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The  Perfect  Combination  of 
Factors    that    Create    Strength 

is  absolutely  essential  in  the  manufacture  of  valves  that 
must  successfully  stand  the  severe  strains  to  which  they 
are  subject.     In  the  manufacture  of 

NELSON  VALVES 


this  perfect  combination  is  effected  by  the  employment  of  every  one  of 
these  factors  that  conserve  strength  values:  i.  e.,  Careful  selection  of 
metals  especially  adapted  for  valve  purposes,  irrespective  of  cost;  skilful 
blending  of  these  metals  to  produce  greatest 
strength;  moulding  of  parts  from  patterns  care- 
fully designed  to  produce  solid  castings  free 
from  flaws  or  weaknesses;  perfect  distribution 
of  metal  in  patterns  compactly  designed  and 
strengthened  heavily  where  strains  are  greatest. 
This  combination  enables  us  to  confidently 
guarantee  every  valve  we  make  for  its  rated 
service. 

Our  1909,  224-page  Valve  Catalogue,  treating 
of  the  most  modern  types  of  Gate,  Globe,  Angle 
and  Check  Valves,  for  Water,  Saturated  or 
Superheated  Steam  and  other  fluids,  for  any 
pressure,  for  any  temperature,  will  be  forwarded 
on  request. 


Extra  Heavy  Steel  Gate 
Valve,  flanged,  with  by-pass, 
for  800°  F. superheated  steam 
400  pounds  working  pressure, 
1000  pounds  test  pressure. 


Each  valve  is  guaranteed 
for    its    rated    service. 


Nelson  Valve  Company 

PHILADELPHIA,   PA. 


New  York,  Hudson  Terminal  Bldg. 
Chicago,  425  S.  Dearborn  Street 
Pittsburgh,  525  Third  Avenue 
Cleveland,  Perry-Payne  Building 


Detroit,  Penobscot  Building 
Minneapolis,  622  Andrus  Building 
San  Francisco,  Atlas  Building 
Butte,  Mont.,   56  E.  Broadway 


"THE  GOLDEN" 

Cushioned    Non-retura    and 
Triple  Acting  Valves 

"Works  Both  Ways" 

Protect  your  Power  Station 
with  "The  Valves  that  are 
Absolutely  Guaranteed. 

Armour  &  Co.,  Cliicago,  ordered 
32   10-inch  Triple  Valves. 

Golden -Anderson  Valve 
Specialty  Company 

1032  Fulton  Bldg.,  Pittsburg. Pa. 


AUTOMATIC   FLOAT  VALVES 
"SIMPLY    HAVE   NO   EQUAL" 


Angle  or 
Straight    Way 


y 

^^ 

^'^ 

;  '^^ 
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The  Hooven»  Owens 
Rentschler  Co. 

Manufacturers  of 

Hamilton  Corliss 

Engines 
Hamilton  High  Speed 

Corliss  Engines 
Hamilton  Holzwarth 

Steam  Turbines 

Special  Heavy 

Castings 

HAMILTON,  OHIO 


Saves  Frictional  Wear 

That's  what  Dixon's  Flake  Graphite  does  wherever  it 
is  used.  And  remember  that  it  is  the  wear  that  depre- 
ciates all  machinery.  Dixon's  Flake  Graphite  will 
reduce  this  wear  to  a  minimum  in  every  instance,  relieve 
friction,  prevent  damage  and  repairs  that  result  from 
parts  running  hot.     Write  for  free  sample, 

JOSEPH  DIXON  CRUCIBLE  CO.  Jersey  City,  N.  J. 

HIGH    VACUUM 
APPARATUS 

CONDENSERS 
AIR  PUMPS 
Feed  Water  HEATERS 
Water    Cooling 
TOWERS 
Boiler   Feed   and   Pres- 
sure PUMPS 

C.K.Wheeler  Mfg.  Co. 

PHILADELPHIA 

New  York  Chicago 

San  Francisco 
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WHY  not  satisfy  yourself  once 
and  for  all  whether  or  not 
vou  are  using  the  power  best 
adapted  to  your  own  peculiar  require- 
ments. 

Write   us    fullv  about  your  present 
conditions  and  let  us  tell  you  whether 

DU    BOIS    GAS    AND 
GASOLINE  ENGINES 

will  help  you  to  reduce  consumption  of  fuel,  save  engineer's  time  and  repair  bills.     No  obliga- 
tion, of  course. 

Let  us  also  send  you  catalog  "P,"  which  covers  our  complete  line  (from  5  to  375  H.P.) 

DU     BOIS    IRON    WORKS,       Sie  Brady  St.,   Du  BOIS,   PA. 

HEINE   ^ftLT   BOILERS 

and 

SUPERHEATERS 

In   units  of  from  50  to  600   H.  P. 

Heine  Safety  Boiler  Co.,  St.  Louis,   Mo. 

BRANCH    OFFICES 
Boston  New  York  Philadelphia  Pittsburgh  Chicago  New  Orleans 


RIVERSIDE  HEAVY  DUTY  DOUBLE-ACTING  TANDEM  GAS  ENGINE     (CLASS  F) 

Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  service      Built  in  twelve 
types,  seventy-two  different  sizes  from  10  to  2500  H.  P. 

RIVERSIDE    ENGINE    COMPANY  Oil  Citv,  Pennsylvania 

YEAR    BOOKS 

The  Society  wishes  to  have  a  file  of  yearbooks  or  catalogues  complete 
since  its  formation.  Will  members  who  have  any  of  the  following 
numbers  either  send  them  to  the  Society  or  correspond  with  the  Secretary 

No.   2,   1881  No.     6,   1885  No.   13,   1892.   July 

No.  3,   1882  No.     7,   1886  No.   14,   1893,    lanuary 

No.   5,    1884  No.   12,   1891,  July  No.   14,   1893,  July 

Also  the  1903  edition  of  the  Pocket  List  of  Members 

The  American  Society  of  Mechanical  Engineers 

29  West  39th  Street,  New  York 


1 1 


OVER  ONE  MILLION 

Genuine   "DETROIT"   Sight=feed    Lubricators 
in  service  all  over  the  World 

Some  one  of  our  339   different   styles  and  sizes  of  sight-feed 
lubricators  will  fill  any  requirement  you  may  have 

THE  GENUINE  "DETROIT" 

Is    simple  and   dependable.     (Look    out   for   substitutes.) 


Oetroit  Iubricator  Company 


Send  {or  Cataloone  A-16 


DETROIT.    U.   S.  A. 


FORTHE  HIGHER  THAN  ORDINARY  PRESSURES 

GATE   VALVES 

with  double  disc,  taper  seats  and  central  ball  bearing  de- 
vice are  the  tightest  by  reason  of  their  flexibility  and 
compensating  features,  thus  taking  up  any  possible  dis- 
tortions or  strains,  expansions,  etc. 
Catalogue  explains  merits  of  Construction  and  Operation 

The  KENNEDY  VALVE  MANUFACTURING  CO. 

Elmira,  N.  V.,  and  57  Beekman  St.,  New  York  City 

Agencies  in  Chicago,  San  Francisco,  Portland,  Ore.,  New  Orleans, 
Louisville,  Kv.,  Boston. 


LINDSTROM'S  CORLISS   VALVE  STEAM   TRAP 


None 
Better 


Simplicity 

Durability 

For  -i    Reliability 

Economy  and 
Emergency 

Write  for  Booklets 


JOHN  T.  LINDSTROM 

214  South  Third  Street 
ALLENTOWN,  PA. 


With  the  Angle  Compound  Engine  one 
cylinder  nicely  fills  in  the  intervals  between 
the  impulses  of  the  other  cylinder,  the  result 
being  an  almost  absolutely  uniform  turning 
moment  that,  in  connection  with  the  perfect 
balance  of  reciprocating  parts,  does  not  set 
up  vibrations,  even  when  the  engine  is 
mounted  upon  an  upper  floor  of  a  building. 
The  American  Ball  Angle  Compound  En- 
gine is  worthy  the  study  of  every  man  inter- 
ested in  the  operation  of  steam  engines. 

Write  for  Bulletin  14 


AMERICAN  ENGINE  CO., 


Raritan  Avenue 

Bound  Brook,  N.  J. 


\b 


THE    ENGINEERING    LIBRARY 

IN   THE 

Engineering  Societies  Building 

29  West  39th  Street,  New  York 


A  free  reference  library  containing  50,000  volumes.  One  of 
the  largest  collections  of  engineering  literature  in  the  world. 
There  are  450  current  technical  journals  and  magazines  on  file 
in  the  reading  room.  All  the  foreign  and  domestic  technical 
periodicals  are  received,  as  well  as  the  proceedings  of  the 
various  engineering  societies  of  the  world.  The  library  con- 
tains many  rare  and  valuable  reference  works  not  readily 
accessible  elsewhere. 


The  Library  contains  the  individual  libraries  of 

The  American  Institute  of  Mining  Engineers 
The  American  Society  of  Mechanical  Engineers 
The  American  Institute  of  Electrical  Engineers 


A  union  catalogue  of  the  serial  publications  of  the  three 
Libraries    is  accessible   to   the  users   of  the    Library 


THE  LIBRARY  IS  OPEN  FROM  9  A.  M.  TO  9  P.  M. 

Librarians  are   in   constant   attendance 
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ADVERTISING     SUPPLEMENT 


SECTION   3 

Hoisting  and  Conveying  Machinery 
Power  Transmission 


Machine   Shop  Equipment       -               -               -               .               .  Section    1 

Power  Plant   Equipment          -               .               -               .               .  Section  2 

Hoisting   and  Conveying   Machinery.     Power  Transmission      -  Section  3 

Engineering   Miscellany            .....  Section  4 

Directory  of   Mechanical   Equipment                ...  Section   5 


WILL  PAY  FOR  ITSELF 
IN  THREE  MONTHS 

TI  An  E.  C.  &  M.  Magnet  will  pay  for  itself  in 
three  months;  this  may  sound  rash  but  when  you 
consider  the  fact  that  one  magnet  will  do  the 
work  of  from  ten  to  fifteen  men  it  means  at  least 
$15.00  a  day  saved. 

H  Think  this  over;  write  us  your  conditions  and 
present  methods  of  handling  your  rough  and 
finished  product. 

REMEMBER 

Our  magnets  are  dependable^ — they  will  lift 
more  and  wear  longer  than  any  competitive 
magnet.     Let  us  prove  it  to  you. 

THE 

ELECTRIC  CONTROLLER  &  MFG.  CO. 

CLEVELAND,  O. 


'r^^i&^^^X 


The  Book  of  Hoists 

SEND  for  a  copy  of  the  new  edition  of  our  complete 
catalogue  of  hoisting  apparatus  which  is  now  ready. 


CONTENTS 


Triplex   Chain   Blocks 

Duplex   Chain  Blocks 

Differential   Chain   Blocks 

Bracket  Jibs 

Traveling  Cranes 

Turntables 

Safety   Crabs 

Safety   Double  Lift   Hoist 

Twin   Hook  Triplex   Block 

Electric  Triplex  Hoists 


Trolleys  plain 

Trolleys  geared 

I-Beam  Travelers 

Overhead  Track 

Winches 

Derrick   Winches 

Triplex  Winch 

Electric  Hoists 

Motor  Driven  Trolleys 

Crane  Trolleys  for  Electric  Hoists 


The  Yale  &  Towne  Mfg.   Co.,   9  Murray  St.,  New  York 

Foreign  Warehouses:  The  Fairbanks  Co.,  London,  Glasgow. 
Fenwick,  Freres  &  Co.,  Paris,  Brussels,  Liege  and  Turin. 
Yale  &   Towne,   Ltd.,    Hamburg.       W.   F.    Home,    Yokohama 
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90-foot  Double  Strand  Steel  Conveyor 

LINK  CHAIN  BEIT  GO'S 

System  of  Elevating 
Conveying  and  Power 
Transmission  Machinery 
Silent  Chain  Drives 
and   Gravity  Roller  Conveyors 
Experts  on  reduction  of  Factory  Costs 
Write  for  Catalogue  20-E 


50  CHURCH  ST. 


NEW  YORK 


THE     J.     M.     DODGE     COMPANY 

NICETOWN,     PHILADELPHIA 

CONTRACTING,  ENGINEERS. 

The  Dodge  System"   of  Coal   Storage 

Cranes,  Bridge  Tramways,  Telphers  and  other  apparatus  for 
the  Transportation  of  material 

Concrete  and  Steel  Structures 


(( 


Schillings  Journal  fijr  Gasbeleuchteung.     1858-1906 

Power.      Vol.  1-6.      1SS1-1S85 

Practical  Engineer,  Manchester.     Vol.  5-6 

Plumber  and  Sanitary  Engineer    (later  Engineering   Record) 

Vol.  1-3,    12,  16-18 
Gas  Engine,  Cincinnati.     Vol.  1-2 

Copies  of  the  above  ivanted  for  cash  or  exchange 

Address,  the  Secretary, 

THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

29  W.  39th  St.,  New  York  City 


Cletjelanb  Cranes! 

are  the  embodiment  of  everything  that  is  dependable 
and  powerful  in  the  making  of  scientific  hoisting 
machinery.  The  most  modern  of  improvements  are 
incorporated  in  their  construction  and  the  resultant 
service  rendered  is  of  the  highest  order. 

Forward  VOLR  Jh^   CLEVELAND  CRANE  ft  ^AW-Co,  Write    for    our 

Specifications.  —*  WlCKLIFFE,  OhW.  "-       ENMNOMiMCa  detailed  catalog. 
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ALLIANCE    CRANES    All    Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO. 


Alliance,  Ohio 


Pittj^biirg  OflBce,  Frick  Building. 


Birmingham  Office,  Woodward  Building 


ELECTRIC  TRAVELERS 
All  Types  for  Every  Service 


COMPLETE  EQUIPMENT 

AND  Cranes  of  All  Kinds  for 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant 
delivered   to   purchasers   ready  to  run. 

WHITING  Foundry  EoiipivientCo. 

Manufacturers,  Engineers,  Designers 
HARVEY,  ILL.  (Chicago,  suburb) 


CRANES 


Aim       LJ^IOTC    electric  and  hand  power 

■^D      PlVi^lO    I    O     ALL   TYPES  AND  capacities 
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ALFRED    BOX    &    CO. 


Philadelphia,  Pa. 


NOKinCRN 
ICRANESl 

NORTHERN  ENGINEERING  WORKS, Detroit. 


You    get   the    acme    of   Crane 
quality    when     you    purchase 
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GONVEYINe 


AND 


POWER-TRANSMISSION 
MACHINERY 

Link-Belt 
Company 


PHILADELPHIA 


CHICAGO 


INDIANAPOLIS 


New  York:  Pittsburgh:  St.  Louis: 

^299  Broadway.  1501-02  Park  Bldg.  Missouri  Trust  Bldg. 
Seattle:  Denver: 

439-440  N.Y. Block.   Lindrooth,  Shubart  &  Co. 

New  Orleans: 
Wilmot  Machinery  Co. 


THE 

STANDARD 

WIRE 

ROPE 
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JEFFREY  Wmr.  CAHLF.  CAR   HAUL 

340  ft.  centers,  capacity  per  minute,  3   loaded   cars  weighing 

5500  lbs.  and  3  empties  weighing  1600  lbs.  eacli. 


The 
JEFFREY 

WIRE  CABLE 

CAR  HAULS 

are  the  most  efficient, 
serviceable  and  econ- 
omical mediums  used 
for  the  continuous 
haulage  of  mine  cars 

Designed  and  built  in 
any  capacities  to  suit 
the  conditions 

Send  for 
Bulletin  K  21 


We  Build 

Coal  and  Ashes  Handling  Systems  for  Power  Plants 

See  Catalogue  K  32 

Complete  Coal  Mine  Equipments 

The  Jeffrey  Mfg.  Company 


New  Vork 


Knoxvilte 


Columbus,  Ohio 

Chicago  St.  Louis  Boston 

Pittsburg  Montreal,  Can. 


Denver 


How  Profitable  is  a  ^ 
Diamond  Chain  Drive  • 


This  question  can  be  answered  best  for  each  particular  case,  but  in 
general  the  saving  is  most  noticeable  on  short  centers  and  medium 
speed  drives.  The  stretch  of  a  short  belt  on  such  a  drive  means  a 
shppage  loss  of  from  three  to  twenty  per  cent,  depending  upon  the 
belt  width  and  speed.  If  the  belt  is  kept  tight  enough  to  prevent 
slip,  the  increased  journal  friction  makes  even  a  greater  power  loss  be- 
sides wearing  out  the  bearings. 

Diamond  Chain  completely  overcomes  these  faults,  and  for  this 
reason  has  been  very  successful  in  driving  parts  of  automatic  ma- 
chmery  where  accurate  timing  is  essential.  In  addition  to  efifecting  a 
noticeable  power  saving,  it  lasts  far  longer,  goes  into  smaller  space, 
requires  less  attention  and  is  not  afTected  by  such  surrounding  influ- 
ences as  temperature,  steam  or  acid  fumes,  oil  drips,  etc. 

Write  for  book  "  Chain  Transmission  of  Power." 

DIAMOND  CHAIN  (El  MFG.  CO. 

259  West  Georgia  St.  Indianapolis,  Ind. 

Capacity  8,000,000  ft.   per  year. 
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The  above  illustration  shows  cleaning  gang  drilling  out  scale  in  B.  &  W.  Water  Tube  Boilers. 
Boilers  had  formerly  to  be  opened  and  cleaned  every  four  weeks.  A  "Eureka"  Water  Softener 
was  installed  over  two  years  ago,  and  since  that  time  boilers  are  opened  only  once  each  six 
months  for  insurance  inspection.  "Tubes,  headers  and  other  connections  free  from  scale, 
deposit  or  corrosion,"  is  now  the  invaribie  report  of  the  Insurance  Companies. 


Your  Choice:— Scale  or  No  Scale— Which? 

If  your  feed  water  has  the  scale-forming  habit,  don't 
wait  until  it  gets  into  the  heater  or  boiler  before 
applying  the  cure.  It's  too  late  then.  The  only  5C//2^ 
remedy  is  to 

Remove  the  incrusting  solids  from  the  raw  water. 

It  is  then  IMPOSSIBLE  for  scale  to  iorm  in  your 
heaters,  boilers,  pipes  and  pumps.  Let  us  convert 
your  hard  water  into  a  soft,  non-incrusting  supply  by 
installing  a 

"EUREKA" 
Water  Softener  and  Purifier 

The  treated  water  is  ideal  for  high  class  industrial  work,  such 
as  dyeing,  bleaching,  general  textile  manufacture,  lauridering, 
etc.  Our  literature  contains  facts  and  figures  that  will  interest 
you.     Sent  free  upon  request. 

OUR  MOTTO:       Treat  the  water  before  it    enters  the    boilers 


"^■% 

■  jf\j 

f 

S^K 

I^H 

DODGEjJVlANUFACTURING    CO. 

station  J  45 


Mishawaka,  Indiana 


ADVERTISING      SUPPLEMENT 


SECTION  4 


Engineering   Miscellany 


Machine   Shop  Equipment       -----  Section    I 

Power  Plant   Equipment  -----  Section  2 

Hoisting   and  Conveying   Machinery.      Power  Transmission      -  Section  3 

Engineering   Miscellany  -----  Section  4 

Directory  of   Mechanical   Equipment  -  .  -  Section   5 


Qirr,^  ju«3i 


uNivERSALninr 

CASTIRONrlrL 


i:/-^ 
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Is  Cast  Iron  Pipe  with 
Male  and  Female  Ends 
and  Contact  Surfaces 
machined  on  a  taper 
giving  the  equal  of  a  ground  joint.   By  making  the 

tapers  of  slightly  different  pitch,  the  joint  is  pivotal  at  any  point  in 
its  periphery,  and  the  rigidity  of  "turned  and  bored"  joints  does  not 
obtain — hence  the  name  UNIVERSAL. 

The  sections  are  held  together  by  bolts,  two  bolts  to  a  joint  sufficing  except 
for  extreme  pressures.  The  pipe  can  therefore  be  laid  with  minimum 
labor — and  no  caulking  with  molten  lead,  jute,  etc. 

Universal  Pipe  provides  for  expansion  and  contraction,  vibration,  and 
deflection  due  to  unequal  settlement.  It  affords  a  path  of  such  low  resistance 
for  stray  electrical  currents  that  deterioration  by  electrolysis  is  practically 
eliminated. 

The  result  is  a  pipe  that  does  not  leak  and  continues  not  to  leak.  The 
economy  effected  in  laying  offsets  the  cost  of  machining.  The  saving  through 
eliminated  leakage  and  in  maintenance  is  material.    Write  for  full  particulars. 


Central  Foundry  Company, 


37  WALL  ST. 
NEW  YORK 


J 


The   VENTURI 
HOT   WATER    METER 


Gives  TOTAL  POUNDS    of  water 
Shows    RATE   OF    FLOW 

in    POUNDS    PER    HOUR 
Makes    CHART    RECORD 

of    PREVIOUS    RATES 


ACTUAL  CHART  RECORD 


Bulletin    No.    63A   just   issued 

BUILDERS     IRON     FOUNDRY 

PROVIDENCE,    R.    I. 


ADVERTISEMENT 

FOR  sometime  the  WAVERLY  PRESS  has  specialized  in  the  production  of  scien- 
tific and  technical  magazine  and  book  work.  In  order  to  handle  such  work  success- 
fully, most  of  it  coming  from  distant  points,  it  was  found  necessary  to  work  out  and 
install  a  system  of  Shop  Management  which  would  maintain  the  highest  standard  of  pro- 
duction and  also  predetermine  the  lime  necessary  for  production.  Our  system  determines 
accurately  the  service  which  can  be  rendered  and  at  the  same  time  covers  the  necessary 
detail  before  starting  work  on  an  order.  This  makes  it  possible  to  take  care  of  (he  detail 
as  the  order  progresses. 

We  have  to  offer  you  first  the   facilities  of  a  thoroughly  equipped  plant  and  a  corps 
of  highly  trained  workmen. 

Second,  the  highest  standard  of  book,   magazine   and  catalogue  work. 
Third,  an  organization   which  is  an   accurately  designed  and  operating   machine  pro- 
ducing absolutely  dependable  and  efficient  service. 

WAVERLY  PRESS  (Williams  &  Wilkins  Company)  BALTIMORE,  MD. 
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General  Electric 
Centrifugal  Air  Compressors 

The  power  required  to  drive  the  General 
Electric  Centrifugal  Compressors  varies 
approximately  with  the  volume  of  air 
delivered,  when  operating  at  constant  speed. 

These  Compressors  allow  a  variation  in 
volume  over  a  wide  range  at  constant 
pressure  without  change  of  speed  or  appre- 
ciable loss  in  efficiency. 

General  Electric  Company 

Principal  Office,  Schenectady,  N.  Y. 

New  York  Office,   30  Church  St. 

Sales  office   in   all  larfre  cities 
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GOULDS 

TRIPLEX  POWER  PUMPS 

When  in  the  market  for  Pumping  Equipment 
look,  up  our  line.  They  are  absolutely  the  most 
efficient   Pumps  on  the  market  to-day. 

Write  for  complete   Catalog 

THE  GOULDS  MFG.  CO. 

78  W.   Fall  Street  Seneca  Falls,  N.  Y. 

Branches   in  all  laree  Cities 


The  Jeanesville   Iron   Works  Co. 
hazleton,  pa. 

Builders  of 

High-Grade    Pumping    Machinery 
Direct-Acting,  Fly-Wlieel  and  Centrifugal 

for 

Elevator,    Mine    and    WaS:er>vorks    Service 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,    N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69  N.  Jefferson 
Street,  Chicago,  111. 

New  York  Office,  139-41  Cortlandt  Street 


Simplex  not  Duplex 
To   be  simple 
is  to  be  great 


Steam  and  Power  Pumping  Machinery 

For  every  service 

American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable  and 
ready  to  work  with   the   Governor. 


Our  327  D  Catalogue  goes  into  details. 


Comimund   Packed   PlunKcr   Puin]i 


American  Steam  Pump  Company,      Battle^ cr^eek^.  Mich. 
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ENGINEERING  SCHOOLS  AND  COLLEGES 


CLARKSON 
SCHOOL  OF  TECHNOLOGY 

Thomas  S.  Clarkson  Memorial 
Organized  Under  Charter  of  the  Univer- 
sity OF  THE  State  of  New  York.  Courses  lead- 
ing to  degrees  of  Bachelor  of  Science  in  Chemical, 
Civil,  Electrical  and  Mechanical  Engineering,  com- 
prising four  years  of  thorough  training  and  resi- 
dent college  work  in  theory  and  practice  of  engi- 
neering. Copies  of  Clarkson  Bulletin,  published 
quarterly,  mailed  on  application. 

Wm.  S.  Aldrich,  Director, 

POTSDAM,  N.  Y. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 

ConRSE  IN  Mechanical  Engineering.  Even- 
ing Post-Graduate  Courses.  Fred.  \V.  Atkinson, 
Ph.D..  President;  W.  D.  Ennis,  Member  A.S.M.E., 
Professor  Mechanical  Engineering. 

TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Mechan- 
ical, Electrical  and  Chemical  Engineering.  New 
laboratories  and  excellent  equipment.  Beautiful 
site  within  four  miles  of  Boston.  Preparatory  de- 
partment for  students  who  have  had  engineering 
practice,  but  insufficient  preparation  for  college 
work.  For  information  concerning  courses  and 
positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE  P.  P.,  MASS. 


THE  RENSSELAER  POLYTECHNIC 
INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical  En- 
gineering and  General  Science  leading  to  the  de- 
grees, C.E.,  M.E.,  E.E.  and  B.S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.  Y. 


THE   UNIVERSITY   OF   MICHIGAN 

Ann  Arbor,  Mich. 

Department  op  Engineering.  Courses  offered 
in  Civil,  Mechanical,  Electrical,  Chemical,  Marine 
Engineering  and  Naval  Architecture,  Architecture 
and  Architectural  Engineering,  and  Geological 
Engineering.  Four,  five  and  six  year  courses. 
University  attendance,  5000;  Engineering  atten- 
ance,  1350. 

For  special  Bulletins  address 

James  P.  Bird,  Secretary. 

NEW  YORK   UNIVERSITY   SCHOOL 
OF  APPLIED  SCIENCE 

Departments  of  Civil,  Mechanical  and  Chemi- 
cal Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean. 

UNIVERSITY    HEIGHTS,    N.   Y.,   CITY. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

ISl  LaSalle  Street,  CHICAGO 


EARLE  C.  BACON 

Member  A.  S.  M.  E. 
Hoisting,  Crushing  and  Mining  Machinery 

Havemeyer  Building.  NEW  YORK 


BERT.  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,   Specifications  and   Superintendance   of 
Manufacturing  Buildings,  Plants  and  Equipments 
of  same. 

Perin  Building,  CINCINNATI,  OHIO. 


WILLIAM  R.  CONARD 

Assoc.  A.  S.  M.  E.  and  A.  S.  C.  E. 

Inspection  of  Rails.  Bridge  Materials,  Building 
Materials  of  Iron  and  Steel  Cars,  Locomotives,  etc. 

Specialty:  Inspection  of  all  Water-Works  Mate- 
rials 322  High  Street,  BURLINGTON,  N.  J. 
Maison  Blanche  Bldg.,  NEW  ORLEANS,  LA. 

R.  C.  Huston,  C.E.,      Southern  Representative 


F.  W.  DEAN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect, 

Exchange  Building,  53  State  St. ,  BOSTON,  MASS. 


J,  A.  HERRI CK,  Consulting  Engineer 

Member  A.  S.  M.  E. 

The  Herrick  Patented  Gas  Producers,  Gas  and 
Air  Valves,  Gas  Furnaces,  Regenerative  and 
Direct  Fired — all  purposes. 

Room  1603,  No.  2  Rector  St.,  N.  Y.  City 


D.  HURLEY  &  COMPANY 

Factory  and  Mill  Engineering 
17  Custom  House  Street,     PROVIDENCE,  R.'I. 

CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 
Room  911,  45  Milk  Street,  BOSTON,  MASS. 

SPECIAL  RATES 

Will  be  quoted  on  request  for 
Professional  Cards. 
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ADVERTISING     SUPPLEMENT 


SECTION  5 


DIRECTORY 

OF 

MECHANICAL 
EQUIPMENT 


A  concise  reference  list  of  Machine  Shop,  Power  Plant  and 
Foundry   Equipment;   Pumping   Machinery;   Power 
Transmission  Machinery;   Electrical  Appa- 
ratus;   Hoisting    and    Conveying 
Machinery  and  allied  lines. 


Machine  Shop  Equipment        .  -  -  .  .  Section   I 

Power  Plant  Equipment  -----  Section  2 

Hoisting   and  Conveying  Machinery.      Power  Transmission       -  Section  3 

Engineering   Miscellany  -----  Section  4 

Directory  of  Mechanical  Equipment  .  -  ,  Section  5 


MACHINE  SHOP   EQUIPMENT 


MACHINE  SHOP  EQUIPMENT 


AMERICAN  WATCH  TOOL  COMPANY 

WALTHAM,  MASS. 

Bencli  Lathes,  Automatic  Pinion  Cutters,  Automatic  Wheel  Cutters,  Sensitive 
Drills,  Protilinff  Machines,  machinery  particularly  adapted  for  meter  manufactining', 
tool  room  and  laboratory  work.  Estimates  given  on  special  work.  Send  for  new 
catalogue. 


PRECISION 
MACHINERY 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cuttinsr  and  most  uniformly  itcrfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  ( Iriiidini.'-  Wliccls  for  cviTy  possible  grinding  need.  Sharpening  Stones, 
Oil  Stones.  Itubbing  Bricks.  Carborundum  I'aper  and  Cloth,  Valve  Grinding  Compound, 
Carboruniluni  (irains  and  Powders,  and  (iarnet  I'aper. 


CARBORUNDUM 
PRODUCTS 


S.   AY.   CARD  MFG.   CO. 

MANSFIELD,  MASS.,  U.  S.  A. 
Card  Quality  Taps  are  made  the  best  we  know  how  and  we  know  how 
to  make  the  best.      Established   1H74. 


THE   J.    M.    CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  I. 
Carpenter's  Tools  for  cutting-  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the  market 
and  38  years  in  the  lead. 


CINCINNATI   GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 

Our    Automatic    Spur  Gear  Cutting-  Machines  exceed   in    power   and 
capacity  and  equal  in  accuracy  any  machines  of  their  type  made. 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 
We   manufecture  the   most  complete  line  of  Shapers  made,  including 
Plain   Crank,  Back  Geared  Crank,  Geared  Rack,  Open   Side  and  Traverse 
Shapers,  as  well  as  Crank  Planers. 


FAY  MACHINE  TOOL  CO. 

2Nn  AND  Glexwood  Ave.  PHILADELPHIA,  PA. 

Fay  Automatic  Turning  Lathes  are  the  best  for  turning  duplicate  parts. 
Accuracy  and  rapid  production  gu;iranteecl.  One  man  runs  -t  to  (i  ma- 
chines.    Ask  for  bulletin. 


TAPS 


TAPS  AND 
DIES 


GEAR 

CUTTING 

MACHINES 


SHAPING 
MACHINES 


AUTOMATIC 

TURNING 

LATHE 
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MACHINE  SHOP  EQUIPMENT 


GEAR 
SHARERS 


THE  FELLOWS  GEAK  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Sliaper  cuts  tlie  smoothest  gears  in  use,  because  tlie  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


NOISELESS' 
RIVETING 
MACHINES 


THE  GRANT  MANUFACTURING  &  MACHINE  CO. 
BRIDGEPORT,  COXX. 

Send  to  us  your  samples  and  we  will  rivet  them  with  our  Noiseless,  Blowless, 
Spinning  Process,  and  return  to  yon  free  of  charge,  giving  rate  of  production  which 
is  usually  more  rapid  than  one  per  second. 


TURRET 
LATHES 


HEAVY  DUTY 

BORING 

MILLS 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 

Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",   inclusive. 


LATHES 

MILLING 

MACHINES 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,    OHIO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines. 
They  are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the 
cutting  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MACHINE 
TOOLS 


MANNING,  MAXWELL  &  MOORE,    Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world   and   carry  in  stock  the  product   of  the  foremost  designers  of  the 
many  branches  of  machine  tool  building  in  the  LTnited  States. 


DRILLS 

REAMERS 

CHUCKS 

TAPS  &  DIES 

ETC, 


MORSE   TWIST   DRILL   &   MACHINE   CO. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 
Makers   of  Drills,    Reamers,    Cutters,    Chucks,    Taps,    Dies,    Arbors, 
Counterbores,  Countersinks,  Gauges,    Machines,    Mandrels,    Mills,    Screw 
Plates,  Sleeves,  Sockets,  Taper  Pins  and  Wrenches. 


DRILLS 

GRINDERS 

CENTERING 

AND  TAPPING 

MACHINES 


NATIONAL   MACHINE   COMPANY 

HARTFORD,  CONN. 
Sensitive  Drills,  1  to  10  Spindles;  Reamer  and  Surface  Grinders;  Cen- 
tering and  Tapping  Machines.     All  kinds  of  Universal  Printing,  P^mbossing, 
and  Cutting  and  Creasing  Machines.     Send  for  catalogue. 
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MACHINE  SHOP  EQUIPMENT 


THE   NATIONAL   MACHINERY   CO. 

TIFFIN,  OHIO 

We  build  ;i  complete  line  of  Bolt  and  Nut  Machinery,  including  Bolt  Cutters 
(threaders).  Bolt  and  Rivet  Headers,  Upsetting  and  Forging  Machines,  Hot  Pressed 
Nut  Machines,  Nut  Tappers,  Washer  Machines,  Wire  Nail  Macliines  and  Lag  Screw 
Gimlet  Pointers. 


NIAGARA  MACHINE  AND  TOOL  WORKS 

BUFFALO,  N.  Y. 
Mfr's  of  Presses  of  various  types  and  capacities,  Squarinj^-  and  Rotary 
Shears,  Punches,  Forming  Rolls,  Tinsmiths"  tools  and  machines,  etc. 


NILES-15EMENT-POND 

CO 

Ill 

Broadway 

NEW  YORK 

Metal  Working  Machine  Tools,  all  kinds  and  sizes 

Xiles  Cranes, 

2  to 

200  tons  capacity. 

BOLT  AND 

NUT 

MACHINERY 


SHEET 

METAL 

WORKING 

MACHINERY 


MACHINE 
TOOLS 
CRANES 


A.   O.   QUINT 

HARTFORD,  CONN. 
Quint  Turret  Drills  made  with  from  four  to  twelve  spindles,  all  spindles 
working  to  one  center,  for  finishing  holes  at  one  setting  of  work  in  steam  and 
gas  fixtures,  electrical  instruments,  brass  goods,  fire  arms,  typewriters,  etc. 


TURRET 
DRILLS 


RUSSELL,   BURDSALL  &  WARD  BOLT  &  NUT  CO. 

PORT  CHESTER,  N.  Y. 

Manufacturers  of  the  finest  grade  of  Bolts  and  Nuts  for  automobiles, 
machinery  and  engineering  work. 


BOLTS 

AND 
NUTS 


THE  SKINNER  CHUCK  CO. 

New  Yokk  City,  94  Reade  St.  New  Buitaix,  Coxx.,  96  N.  Stanley  St. 

Manufacturers  of  Lathe,  Drill  and  Planer  Chucks,  Face  Plate  Jaws, 
Drill  Press  Vises  and  Reamer  Stands.  We  are  glad  to  quote  on  special 
Chucks.     Write  us  for  our  1909  Price  List,  illustrating  our  complete  line. 


CHUCKS 


THE  STANDARD  TOOL  CO. 

CLEVELAND,  OHIO  94  Reade  St.,  NEW  YORK 

Twist  Drills,  Countersinks,  Chucks,  Sockets,  Emery  Wheel  Dressers, 
Wire  Gauges,  Reamers,  Taps,  Screw  Cutting  Dies,  Milling  Cutters,  Taper 
Pins. 


AYALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing  8",  will  take  |"  rod  throuRh  the  chuck  and  the  workman- 
ship is  of  the  highest  watch  machine  standard.  It  is  a  necessity  in  the  modern  tool 
room.  Catalog  for  those  interested.  Also  makers  of  Automatic  Precision  Bench 
Machinery. 
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TWIST  DRILLS 

REAMERS 

CUTTERS 

TAPS 


PRECISION 
BENCH 
LATHES 


MACHINE  SHOP   EQUIPMENT 


TURRET 
LATHES 


THE  WARNER  &  SWASEY  COMPANY 

New  York  CLEVELAND  Chicago 

We  offer  a  most  complete  line  of  high-ftrade  Turret  Lathes  for  produc- 
ing work  accurately,  rapidly  and  economically.  Our  catalog,  which  describes 
these  machines  fully,  will  be  mailed  on  request. 


DRILL 

GRINDERS 

SPEED 

LATHES 

SENSITIVE 

DRILLS 
DRAWING 
STANDS 


TOOL 
STEEL 


CHUCKS 
CENTERING 
MACHINES 


THE  WASHBURN  SHOPS 

OF    THE    WORCESTER    POLYTECHNIC    INSTITUTE 

WORCESTER,  MASS. 
Worcester    Drill  Grinders  and    Drawing  Stands;  Washburn  Sensitive 
Drills  and  Speed  Lathes. 


THE  D.  E.  WHITON  MACHINE  CO. 

NEW  LONDON,   CONN. 
Whiton  Geared  Scroll  Combination  Chucks  have  the  special  qualities  of 
the  Whiton  Geared  Scroll  and  Independent  Jaw  Chucks.     Whiton  Revolv- 
ing Centering  Machine  is  designed  for  accurately  centering  finished  shafts. 


SCREW  PLATES, 
TAPS. 
REAMERS, 
BOLT  CUTTERS 


WILEY  c^  RUSSELL   MFG.   CO. 

GREENFIELD,  MASS. 

Manufacturers  of  the  well-known  Ligrhtnins  "Machine  Relieved"  Taps,  Green 
River  and  Lij^htning  Screw  IMates;  Adjustable  Screw  Thread  Cutting  Dies;  Spiral 
Fluted  Reamers;  Opening-Die  Bolt  Cutters,  etc.     Send  for  catalogue  34X. 


FOUNDRY   EQUIPMENT 


RIVETERS 

SAND  SIFTERS 

MOLDING 

MACHINES 


HANNA  ENGINEERING  WORKS 

2065  Elston  Ave.,  CHICAGO, 


ILL. 


Manufacturers  of  Hanna  Pneumatic  Yoke  Riveters,  Plain  Togg 
Pneumatic  Riveters.  Pneumatic  Punches,  Screen  Shakers,  Revolving 
Radial  Reamers.  Mold  Dryers,  Titus  Stoping  Drills,  Rathbone 
Machines,  etc. 


lo  Riveters,  Hydro- 
Dumping  Riddles, 
Multiple    Molding 


FOUNDRY 

PLANT 

EQUIPMENT 


WHITING  FOUNDRY  EQUIPMENT  CO 

HARVEY,  ILL. 
Have  complete  equipment  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  Eoundry  Plants.     Buildings  designed  and  furnished;  equip- 
ment installed  and  operated. 
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STEAM   ENGINES  AND   BOILERS 


STEAM   ENGINES  AND   BOILERS 


ALINIY  A\  ATEll  TUBE  BOILER  CO. 

PROVIDENCE,   R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships, 
river  steamers,  tiotli  propeller  and  stern  wlieel,  torpedo  boats,  Are  boats,  launches. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN   ENGINE   CO. 

4-2  Rakitax  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  An^le  Compound  Engines.  Angle  com- 
pound, SO  to  1,000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,()00  h.  p. 


WATER    TUBE 
BOILERS 


ENGINES 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with 
non-detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


STEAM 
ENGINES 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  oO  to  6000  h.  p. 


ENGINES 
STEAM  AND  GAS 


ERIE  CITY  IRON  AYORKS 

ERIE,  PA, 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable  and  vertical  tubular.  Engines:  four  valve,  enclosed  high  speed, 
automatic,  center  crank,  side  crank,  portable.    Feed-Water  Heaters  from  25  to  600  h.p. 


STEAM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


HARRISBURG  FOUNDRY  &   MACHINE  WORKS 
HARRISBURG,   PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


STEAM 
ENGINES 


HEINE  SAFETY  BOILER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  imits  of 
from  ,50  to  600  H.  P.,  will  materially  reduce  power  plant  expense. 
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WATER 

TUBE 

BOILERS 


STEAM   ENGINES  AND   BOILERS 


ENGINES 
TURBINES 
CASTINGS 


ENGINES 
BOILERS 


STEAM   AND 

GAS  ENGINES 

GAS 

PRODUCERS 

STEAM 

TURBINES 


ENGINES 
GENERATORS 


THE  HOOVEN,  OWENS.  RENTSCHLER  CO. 

HAMILTON,  OHIO. 
Manufacturers  of   Hamilton  Corliss   Engines,   Hamilton  High  Speed 
Corliss    Engines,    Hamilton    Holzwarth    Steam   Turbines,    Special    Heavy 
Castings. 


MURRAY   IRON   WORKS    CO. 

BURLINGTON,  lA. 
Manufacturers  of  the  Murray  Corliss  Engine  and  Murray  Water  Tube 


Boiler. 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 

Rice  &  Sargent  Higher  Speed  Corliss  Engines,  Improved  Greene 
Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery. 


RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


BOILERS 


CORLISS 
ENGINES 
BOILERS 


ROBB-MUMFORD    BOILER    CO. 

SOUTH  FRAMINGHAM,  MASS. 

131  State  St.,  BOSTON  !)()  West  St.,  NEW  YORK 

Robb-Mumford  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


ROBT.    WETHERILL  &  CO.,   Inc. 

CHESTER,  PA. 
Manufacturers  of   Corliss  Engines  and  Boilers.     Special    Heavy  Ma- 
chinery-Plate Metal  Work. 


ENGINES 

Air 
Compressors 


WISCONSIN   ENGINE   COMPANY 

CORLISS,  WIS. 
Corliss    Engines.    Air   and    Gas    Compressors,    High    Duty    Pumping 
Engines,  Blowing  Engines,   Rolling  Mill  Engines,  "Complete  Expansion" 
Gas  Engines., 


PAPERS 

ON 

CONDENSERS 


PAPERS  FROM  TRANSACTIONS   OF  A.  S.   M.   E. 

No.  29L  Surface  Condensers:  J.  M.  Whitham,  price  f.lO;  No.  534.  An 
Evaporative  Surface  Condenser:  J.  H.  Pitts,  price  .f.  10;  No.  693.  A  Self- 
Cooling  Condenser:  Ralberger,  price  §.30;  No.  107ii.  Condensers  for  SLeam 
Turbines,  price  $.20. 

32 


GAS  ENGINES  AND  GAS   PRODUCERS 


GAS  ENGINES  AND  GAS  PRODUCERS 


JAMES  EEGGS  &  CO. 

109  Liberty  St.  NEW  YORK 

Manufacturers  of  Foos  Producer  Gas  Engines  for  Water  Works,  Elec- 
tric Light  and  Power  Plants  of  all  kinds;  Vertical  Multiple  Cylinder  Engines, 
20  to  250  h.  p. ;  Horizontal  Single  Cylinder  Engines,  2  to  90  h.  p. 


GAS 
ENGINES 


THE  BRUCE-MACBETH    ENGINE   CO. 

Successors  to  THE  BRUCE-MERIAM-ABBOTT  COMPANY 
CLEVELAND,  O. 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.      For  natural  or  pro- 
ducer gas.      15  to  300  H.   P.      Economy,   reliability    and   simplicity  unex- 
celled. 


GAS  ENGINES 

AND 

PRODUCERS 


DU  BOIS  IRON  WORKS 

DU  BOIS,  PA. 
Du  Bois  Gas  Engines  operate  at  lowest  possible  fuel  expense  on  natural 
or  city  gas,  gasoline  or  producer  gas.     Speed,   gas,   air  and  electric  spark 
are  adjustable  while  engine  is  running.     Sizes  5  to  375  h.  p. 


GAS 
ENGINES 


Water  Tube 
'  Boilers 

Marine   Steam 
Engines 


GAS  POWER  COMPANY 

4  Rector  Street,  NEW  YORK 

Straight  Carbon  Monoxide  Gas  Producers.  Sole  licensees  for  use  of 
exhaust  as  diluent.  Builders  and  contractors  for  complete  factory  and 
waterworks  equipment. 


GAS 
PRODUCERS 


THE    JACOBSON    ENGINE    COMPANY 

CHESTER,  PA. 
Builders  of  high-grade  Automatic  Scavenging  Gas  Engines  (Jacobson's 
Patent).      Contractors  for  complete  Producer  Gas  Power  Plants  guaranteed 
as  a  unit. 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 

128-138  MoTT  St.,  NEW  YORK 

Oil  Engines,   Marine  and  Stationary,  2-200  h.  p.      Direct  coupled  or 
belted  to  Generators,  Air  Compressors,  Pumps,  Hoists,  etc.,  etc. 
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GAS 

ENGINES 

GAS  POWER 

PLANTS 


OIL 
ENGINES 


GAS  ENGINES  AND   GAS   PRODUCERS 


GAS  ENGINES 

AND 

PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h.  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


GAS 
PRODUCERS 

MINING 
SMELTING 
CRUSHING 

CEMENT 
MACHINERY 


GAS 
ENGINES 


POWER   AND   MINING   MACHINERY  CO. 

West  St.  CUDAHY,  WIS. 

Manufacturers  of  Loomis-Pettibone  Gas  Producers,  the  most  successful 
bituminou.  coal  producer,  of  McCully  Rock  Crushers,  Mining,  Smelting, 
Copper  Converting  and  Cement  Making  Machinery. 


RIYERSIDE  ENGINE  COMPANY 

OIL  CITY,  PA. 
Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  service.     Built 
in  twelve  tj'pes  and  seventy-two  different  sizes  from  10  to  2500  h.  p. 


GAS     ENGINES 

AND 

PRODUCERS 


STRUTHERS- WELLS  COMPANY 

WARREN,  PA. 

Warren  Vertical  and  Tandem  Gas  Engines  and  Section  Gas  Producers  liave  heavy 
overload  capacity,  close  regulation,  positive  lubrication,  positive  circulation  of  cooling 
water.  No  joints  between  combustion  chamber  and  water  jackets.  All  valve  cages 
removable. 


GAS 
ENGINES 


THE  SUPERIOR  GAS  ENGINE  CO. 

SPRINGFIELD,  OHIO. 
Superior  Tandem  Engines,  100  to  200  H.  P.     Single  Cylinder  Engines, 
5  to  100  H.  P.     Will  operate  economically  on  natural,  artificial  or  producer 
gas,  gasoline  or  distillate.      All  Engines  carry  a  "20  to  2.5%  over  load. 


POWER   PLANT  AUXILIARIES  AND   SPECIALTIES 


VALVES 

GAUGES 

INDICATORS 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Established  1851 

Presssure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  loco- 
motive use.  The  American  Thompson  Improved  Indicator  with  new  improved  detent 
motion. 


VALVES 
GAGES 


THE  ASHTON  VALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 

Off  Valves,  Pressure  and  Vacuum  Gages.     All  of  a  superior  quality  and 

guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction.. 
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POWER   PLANT  AUXILIARIES  AND    SPECIALTIES 


L.   M.   BOOTH  COMPANY 

NEW  YORK  CHICAGO 

Booth  Water  Softeners  are  automatic  machines,  using  lime  and  soda  for 
removal  of  incrusting,  corrosive,  or  otherwise  deleterious  substances,  from 
water,  for  all  purposes.     Send  for  free  booklet  "Hard  Water  Made  Soft." 


WATER 
SOFTENERS 


HENRY  W. 

ORAXGE 
The  Bulkley  Injector  Condensor  is 
by  head  of  water  or  by  supply  pump 
engines. 

BULKLEY 

X.  J. 

guaranteed  to  form 
In  general   use 

the 
on 

best  vacuum 
ill   classes  of 

INJECTOR 
CONDENSORS 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

steam,  Gas,  Hydraulic  Indicators:  Stationary,  Marine,  Locomotive  Safety  Valves; 
Gages  for  all  purposes:  Kecordinff  Instruments;  Chime  Whistler;  Sight  feed  Lubrica- 
tors; Globe  and  An^rlc  \'alves.  Iron  and  Brass,  for  liiirh  pressures:  Blow-off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


STEAM 
APPLIANCES 


DEARBORN  DRUG  &  CHEMICAL  WORKS 

General  Offices  and  Laboratories:   Postal  Telegraph  Bldg.,  CHICAGO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  gratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


BOILER 

WATER 

TREATMENT 

BOILER 
COMPOUND 


DETROIT  LUBRICATOR  COMPANY 

DETROIT,  MICH. 

"Detroit""  Sight-Feed  Lubricators  are  made  in  451  different  styles,  to 
fill  any  requirement,  and  are  simple  and  dependable. 


LUBRICATORS 


JOSEPH  DIXON  CRUCIBLE  CO. 

JERSEY  CITY,  N.  J. 

Miners,  importers  and  manufacturers  of  Graphite,  Plumbago,  Black- 
Lead  Pencils,  Crucibles,  Stove  Polish,  Lubricants,  Paints,  and  Graphite, 
Products  of  all  kinds. 


GRAPHITE 
PRODUCTS 


THE  ENGINEER  COMPANY 

50  CHURCH  STREET  NEW  YORK,  N.  Y. 

"Economy"  and  "Increased  Capacity"  obtained  by  the  Upbuilding  of 
Furnace  Efficiency  when  operating  with  the  Balanced  Draft  System. 
(Trade  Mark   "Balanced"  Keg.    U.  S.  Pat.  Office.) 


BALANCED 

DRAFT 

SYSTEM 

McLean  Patents 


GOLDEN-ANDERSON  VALVE  SPECIALTY  CO. 

1032  Fui.TON  Bldg.  PITTSBURG,  PA. 

Valves:  Non-Return,  Stop  and  Check,  Boiler  Stop,  Boiler  Feed  Check,  Reducing, 
ControUinff  Altitude,  Automatic  Float,  Globe  and  Angle,  Boiler  Blow-Ott',  and  Auto- 
matic. Balanced  Plug  Cocks.  Steam  Traps.  Automatic  Water  and  Locomotive  Steam 
Causes.     Feed  Water  Regulators. 
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VALVES 

GAUGES 

FEED-WATER 

REGULATORS 


POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 


VALVES 


HOMESTEAD  VALVE  MANUFACTURING  COMPANY 

Works:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


VALVES 
STEAM  TRAPS 
SEPARATORS 
REGULATORS 


VALVES 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  lief^ulatiiitr  Valves  for  alt  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  iioisoless  Coiubiiiatiou  Back  Pressure  and  Relief  Valve. 
Pump  Regrulators,  Separators,  Steam  Traps,  Autoinatie  Stop  and  Cheek  \alves.  Write 
for  complete  catalogue. 


THE  KENNEDY  VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants; 
Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


SEPARATORS 
STEAM 
TRAPS 


RAILWAY 
SPECIALTIES 
LUBRICATORS 


VALVES 

STEAM 

SPECIALTIES 


STEAM 
TRAPS 


JOHN 

T. 

LINDSTROM 

214 

S.  Third  St. 

ALLENTOWN,  PA. 

Manufacturer  of  Lindstrom's 

Corliss  Valve  Steam  Trap, 

Steam  Separa- 

tors 

,  Boiler  Separators. 

McCORD  AND  COMPANY 

CHICAGO  NEW  YORK 

The    McCord    Spring    Dampener.      The    McCord    Journal    Box.      The 
McCord  Draft  Gear.     The  McCord  Force-feed  Lubricator. 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS. 
Manufacturers  of  Reducing  Valves,  Damper  Regulators,  Automobile 
Engines,    Pump    Governors,    Pressure    Regulators,    Balanced   and    Lever 
Valves. 


MOREHEAD    MANUFACTURING    CO. 

DETROIT,  MICH. 

Return,  Non-Return  and  Vacuum  Steam  Traps.  The  Morehead  Tilting  Steam  Trap 
is  the  original  design  of  filfing  trap,  having  been  on  the  market  for  a  quarter  of  a  cen- 
tury. For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself.  Illus- 
trated descriptive  catalog  sent  on  request. 


VALVES 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature.    Our 
new  2-24-page  Valve  Catalogue  sent  free  on  request. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


W.   H.   NICHOLSON  &  COMPANY 

WILKES-BAR  RE,  PA. 

The  Wyominf>-  Automatic  Eliminator  is  a  combination  Steam  Separator 
and  Trap.  It  has  the  c-apacity  to  handle  floods  as  well  as  oi-dinary  conden- 
sation.    Write  for  catalogue  on  separators  and  steam  traps. 


STEAM 

SEPARATORS 

TRAPS 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Ohio  Locomotive  Injectors,  darfleld  Injectors  and  Ejectors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors,  Chicago  Sight- 
Feed  Lubrirators  for  locomotive  and  stationary  service.  Grease  Cups,  Oil  Cups,  Water 
Gauges,  tJautrc  Cocks,  O.  I.  Co.  Valves,  etc. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


PENNSYL\'ANIA  FLEXIBLE  METALLIC  TUBING  CO. 

PHILADELPHIA,  PA. 

Our  Metallic  Tubino-  is   made  in  all  sizes  from  |"  to  12"  of  copper  or 

galvanized  steel  tape  rolled  into  spiral  form  in  one  continuous  length.      Used 

for  high  pressures  and  all  liquids,  compressed  air,  steam,  gases,  oils,  etc. 


METALLIC 
TUBING 


THE  WILLIAM  POWELL  CO. 

CINCINNATI,  OHIO 
"White  Star"  Globe,  Gate,  Angle  and  Check  Valves,  with  the  revers- 
ible-regrindable-renewable  discs;  three  valves  in  one  at  the  price  of  one; 
two  grades,  for  200  lb.  and  300  lb.  working  pressures. 


"WHITE  STAR" 

VALVES 
GLOBE.     GATE 
ANGLE.  CHECK 


POWER  PLANT  SPECIALTY  COMPANY 

625  MoNADNOCK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage '  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  ^'acuum  Drain 
Trap,  Pressure  and  Gravity  Filters.      Correspondence  solicited. 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


JOHN  SIMMONS  COMPANY 

110  Centre  St.  NEW  YORK 

The  Rothchild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  gas,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  rejjairs  or  replacing  of  parts. 


ROTARY 
GATE 
VALVE 


WHEELER  CONDENSER  &  ENGINEERING  CO. 

Main  Office  and  Works:     CARTERET,  N.  J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Coolinsr  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative' 
Dry  Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


C.  H.  WHEELER  MFG.  CO. 


PHILADELPHIA,  PA. 

CHICAGO 


SAN  FRANCISCO 


NEW  YORK 

Manufacturers  of  High   Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Coohng  Towers,  Boiler  Feed  and  Pressure  Pumps. 


CONDENSERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


POWER    PLANT  AUXILIARIES   AND   SPECIALTIES 


SHAKING 
GRATES 


A.    B.    WILLOUGHBY 

The  Bourse  PHILADELPHIA,  PA. 

Willoughby's  Patent  Improved  Shaking  Grates  and  Furnaces;  Alter- 
nating Rotary  Shaking  Grates  for  fire  engines  and  all  boilers  with  circu- 
lar fire  boxes. 


PAPERS 

ON 

ENGINES    AND 

BOILERS 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  827.  Standard  Method  of  Conducting  Steam  Boiler  Trials,  price 
$.50;  No.  828.  Discussion  on  No.  8-27,  price  f.2();  No.  973.  Standard 
^Method  of  Testing  Engines,  price  $.50;  No.  974.  Discussion  on  No.  973. 
price  $.-tO. 


BLOWERS,   FANS,   DRYERS,   ETC. 


DRYERS 


AMERICAN 

PROCESS 

COMPANY 

68  WILLIAM  ST.,    NEW 

YORK 

Manufacturers  of  Dryers 

of   all    kinds  for 

all  material, 

animal, 

vege- 

table  and  mineral. 

BLOWERS 

FANS 

EXHAUSTERS 


EXETER   MACHINE   WORKS 

EXETER,  N.  H. 

Manufacturers  of  Exeter  Pressure  Blowers  and  Fan  Blowers;  Exeter  Exhausters 
for  Wood;  Exeter  Ventilator  Wheels;  Large  Exeter  Fans  and  Exhausters  for  Heating, 
Ventilating.  Forced  and  Induced  Draft.    Catalogue  gives  details. 


DRYERS 


RUGGLES  COLES  ENGINEERING  CO. 

Old  Coloxy  Bldg.,  CHICAGO  Hunsox  Terminal,   NEW  YORK 


Dryers, 
materials. 


Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 


FANS 

BLOWERS 

ECONOMIZERS 

ENGINES 


B.  F.   STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 

We  make  equipment  to  force  or  exhaust  air  imder  all  conditions. 
Largest  standard  line  of  "ready  to  deliver"*  Fans  in  tiie  world  and  special 
work  done  wliere  necessary.     Consulting  representatives  in  or  near  your  city. 


TURBINE 

BLOWER 

SYSTEM   OF 

MECHANICAL 

DRAFT 


L.   J.   WING  MFG.   CO. 

90  West  St.  NEW  YORK 

Wing's  Turbine  Blower  system  of   Mechanical    Draft   is   the   modern 

method  of  burning  cheap  fuel  and  increasing  boiler  capacity.     Draft  always 

the  same;  uniform  steam  pressure;  requires  no  floor  space;  easily  installed. 


POWER  TRANSMISSION 


POWER  TRANSMISSION 


THE   AMERICAN   PULLEY 

PHILADELPHIA,  PA. 


CO. 


The  American  Pulley.  The  first  all  steel  parting  belt  pulley  ruade.  Now  sold  in 
larger  quantities  than  anv  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light, 
true  and  amply  strong  for  double  belts.    1-20  stocks  carried  in  the  United  States. 


PULLEYS 


THE  CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 

The  Johnson  Friction  Clutch  for  feed  and  speed  changes  on  Machine 
Tools  is  the  most  compact  Clutch  on  the  market  for  the  power  it  will  trans- 
mit.    Our  catalog  "G"  should  be  on  every  machine  tool  designer's  desk. 


FRICTION 
CLUTCH 


DIAMOND  CHAIN  &  MANUFACTURING  CO. 

239  West  Georgia  St.  INDIANAPOLIS,  IND. 

Diamond  Chains  are  more  durable  than  the  best  belts.  If  your 
short  transmissions  are  giving  trouble,  our  engineering  department  will  ad- 
vise you  free  of  charge. 


CHAIN 
DRIVE 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Everything   for  the  Mechanical   Transmission  of  Power.       Plans  and 
estimates  furnished  on  complete  mill  and  factory  equipments. 


POWER 
TRANSMISSION 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope   or  gear   driving,  including  the  well   known    Hill   Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


NATIONAL 


BRAKE  c^  CLUTCH  COMPANY 

BOSTON,  MASS. 


POWER 
TRANSMISSION 


16  State  Stueet, 

We  license  others  to  manufacture,  use  or  sell  Cork  Insert  Pulleys.  Clutches  and 
Brakes.  They  increase  efficiency  50  to  I007c.  and  are  used  in  automobile,  sliaftnifr  and 
machinery  clutches  and  in  motor,  shaftinfj  and  machinery  pulleys.  Send  lor  pam- 
phlets showing  fifty  applications. 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126"  diameter,  8  to  40"  face,  ;uul  tit  any  size  shaft  from  1 
to  HV.     Let  us  send  you  our  booklet  illustrating  all  styles. 
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CORK   INSERT 

FRICTION 
SURFACES 


PULLEYS 


HOISTING  AND  CONVEYING  MACHINERY 


Pulleys — Paper 

Friction 
Transmission 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


HOISTING  AND   CONVEYING    MACHINERY 


CRANES 

STEAM 

HAMMERS 

PUNCHES 

AND 

SHEARS 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolhng  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


HOISTS 
CRANES 


ALFRED  BOX  &  COMPANY 

PHILADELPHIA,    PA. 
Builders  of  Box's  Double  Screw   Chain  Hoists,  Trolley   Hoists  and 
Electric  Hoists;  Jib  and  Traveling  Cranes,  Electric  or  Hand  Power,  up  to 
100  tons  capacity. 


CONVEYORS 
ELEVATORS 

POWER 
TRANSMISSION 


H.   W.   CALDWELL  &  SON  CO. 

17th  Street  and  WESTER>f  A^e.  CHICAGO,  ILL. 

Conveyors:  helicold  screw,  link  belt,  wire  cable,  troughed  belt,  platform. 

Elevators:  link   belt,  flat  belt  and  bucket,  package,  steel  elevator  casings. 

Power  Transmission:  shafting  and  fittings,  gears,  pulleys  and  band  wheels. 


CRANES 


THE  CLEVELAND  CRANE  &  ENGINEERING  CO. 
WICKLIFFE,  OHIO 
Designers   and   manufacturers   of  all   kinds   of  Cranes. 


SUCTION 
CONVEYORS 


DARLEY  ENGINEERING  COMPANY 

SiNGEK  Bun.nixG,  NEW  YORK 

Our  Suction  Conveyor  is  the  best  yet  devised  for  handling  Ashes.  It 
is  dustless,  noiseless  and  efficient.  It  is  also  a  first-class  Conveyor  for 
handling  other  of  the  lighter  materials. 


COAL 

STORAGE 

CONVEYING 

MACHINERY 


THE  J.  M.  DODGE  COMPANY 

NICETOWN,  PHILA.,  PA. 

Contracting-Engineers.  "The  Dodge  System"  of  coal  storage,  Bridge  Tramways, 
Telphers,  Locomotive  Cranes,  Revolving  Cranes,  Locomotive-Coaling  Stations,  Hoisting 
Tovi^ers,  Direct  Unloaders,  Car  Dumpers,  Steel  and  Concrete  Structures. 
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HOISTING  AND  CONVEYING   MACHINERY 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 
Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Ele- 
vators,   Hoisting   Machines,  Friction  Winding  Drums,  Friction   Clutches 
and  Friction  Clutch  Pulleys, 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


ELECTRIC    CONTROLLER   c^    MFG.    CO. 

CLEVELAND,  OHIO 
Electric  Lifting  Magnets,  Electric  Motor  Starters,  Controllers,  Brakes, 
Flexible  Couplings,  Solenoids,  Electric  Arc  Welders. 


ELECTRIC 
LIFTING 
MAGNETS 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Buiklers  of  Elevating,  Conveying  and  Mining  Machinery ;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers.  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Waslieries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


A.  LESCHEN  k  SONS  ROPE  CO. 

ST.  LOUIS,  MO. 
New  York  Chicago  Denver  Seattle 

Producing  Wire  Rope  of  qualities  and  constructions  adapted  to  every  condition 
of  wire  rope  serrice,  including  the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  Constructions.  Systems  of  Aerial  Wire  Rope  Tramways  for  the 
economical  transportation  of  any  material. 


WIRE  ROPE 

AerialWire  Rope 
TRAMWAYS 


LIDGERWOOD  MFG.   CO. 

96  Liberty  St.  NEW  YORK 

Hoisting  Engines— steam  and  electric,  for  every  use  of  the  contractor,  miner, 
warehouseman,  railroads,  ship  owners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists, 
Cableways  for  hoisting  and  conveying,  Marine  Transfer  for  coal  and  cargo  handling. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFER 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators   and    Conveyors  for  every  purpose;    all  accessories;    Power 
Transmission  Machinery. 


ELEVATORS 

AND 
CONVEYORS 


LINK  CHAIN  BELT  CO. 


52  Dey  St. 


NEW  YORK 


Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery;  l'',le- 
vator  and  Belt  Conveyor  Appliances;  Mill  and  Milling  Su)iplic^  and  Kltvator  Hiukcls; 
Standard  Spiral  Conveyors;  Silent  Chain  Drives  and  all  Standard  Chain  Belts.  Makers 
of  the  Clouser  Detachable  High  Speed  Link  Chain  Belt. 


THE   MORGAN   ENGINEERING   CO. 

ALLIANCE,  OHIO 
Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.     We 
also   design  and  build  Steel  Plants  complete.   Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 
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ELEVATING 
CONVEYING 

Power 

Transmitting 

machinery 


CRANES 


HOISTING  AND   CONVEYING   MACHINERY 


CRANES 
HOISTS 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 

We  make  Cranes  of  all  types  up  to  150  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  stora^re  service. 


ELEVATORS 


THE   OHIO   ELEVATOR  &   MACHINE  CO. 

COLUMBUS,  O. 

High  class  Elevators  for  every  service.  Electric,  Hydraulic,  Belt  and 
Hand  Power,  and  Freight  Elevators.  Estimates  and  preliminary  plans 
furnished  on  request. 


BELT 
CONVEYORS 

CONVEYOR 
BELTS 

BALATA 
BELTING 


WIRE    ROPE 


ROBINS  NEW  CONVEYOR  COMPANY 


NEW  YORK,  72  Front  St. 
Thos.  Robins,  President 


CHICAGO,  Old  Colony  Building 
C.  Kemble  Baldwin,  Chief  Engineer 


Belt  Conveyors,  Robins    genuine    Balata  Belting:,   Robins    Laminated  Leather 
Belting,  Robins  New  Conveyor  Belts  of  Rubber  and  Balata. 


JOHN  A.  ROEBLING'S  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel   and    Copper  Wire    Rope,  and    Wire  of 
every  description. 


CRANES 
CONTROLLERS 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.     Rail- 
road Wrecking  Cranes.     Electric  Motor  Controllers. 


ELEVATING 

CONVEYING 

POWER 

TRANSMITTING 

MACHINERY 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


PAPERS 

ON 

POWER 

TRANSMISSION 


WEBSTER  MFG.   CO. 


2410-2432  \V.  1.5tli  St.,  CHICAGO,  ILL.  Eastern  Branch:  88-90  Reade  St.,  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing  give  us  large  advantages.  Belt  Conveyors  for  liandling  cement,  ores, 
sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings. 
Chain  Belting.    Gearing. 


YALE    &    TOWNE    MFG 


CO. 

NEW  YORK 
The  Triplex  Block 
is  made  in  14  sizes,  with  a  lifting  capacity  of  from  |  to  20  tons;   Electric 
Hoist  in  10  sizes,  J  to  16  tons. 


THE 

9  Murray  St. 

Makers  of  the  Triplex  Block  and  Electric  Hoists. 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  585.  Power  Losses  in  Transmission  Machinery  of  Central  Stations : 
Aldrich,  price  $.20;  No.  808.  Power  Transmission  by  Belt:  F.  L.  Emory, 
price  S. 10;  No.  1180.  Power  Transmission  by  Friction  Drives:  W.  F.  M. 
Goss,  price  f  .-20;  Paper  on  Belting:  C.  G.  Barth,  price  $.30. 
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PUMPS   AND   HYDRAULIC  TURBINES 


PUMPS  AND   HYDRAULIC  TURBINES 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Tumping  Machinery. 
The  valve  motion  is  dcsiiriu-d  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenance  cost,  should  ai)peal  to  engineers  who  desire  to  reduce  their  operating 
expenses.     Literature  uijou  request. 


PUMPING 
MACHINERY 


ATLANTIC  HYDRAULIC  MACHINERY  CO.,   Inc. 
PHILADELPHIA,  PA. 

Our  Turbine  Pumps  are  light,  comparatively  low  pric-ed,  constructed 
accordinu-  to  the  latest  designs,  highly  efficient.  We  guarantee  to  each 
customer  to  fill  his  individual  requirements  exactly. 


TURBINE 
PUMPS 


THE  GEO.  F.  BLAKE  MFG.  CO. 

115  Broadway,  NEW  YORK         Wokks:  EAST  CAMBRIDGE,  MASS. 

Marine   Pumps,    Feed   Water    Heaters,    Steam  and    Power    Pumping 
Machinery  for  general  service. 


MARINE    PUMPS 

POWER    PUMPS 

FEED    WATER 
HEATERS 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Venturi  Meters  measure  cold  water,  hot  water,  brine  and  chemicals.  They  are 
used  on  gravity  supplies  and  to  check  performance  of  centrilugal  and  reciprocating 
pumps.  Usual  sizes  Irom  2"  to  6o".  Larger  sizes  in  use.  Full  set  of  bulletins  on 
request. 


VENTURI 
METERS 


M. 

T. 

DAVIDSON 

CO. 

•# 

43-53 

Kea 

'  St.,  BROOKLYN, 

N.  Y. 

New  York:  1.54 

Nassax'  St 

Boston  : 

30 

Oliver  St. 

High 

grade 

economical  Pumps  for  all  services.     Surfiice  and  Jet  Con- 

densers. 

PU  M  PS 

CONDENSERS 


THE  DEANE  STEAM  PUMP  CO. 

115  Broadway,  NEW  YORK  Works:  HOLYOKE,  MASS. 

Power  Pumping  Machinery,  General  Service  Steam  Pumps. 


POWER  PUMPS 
STEAM  PUMPS 
CONDENSERS 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  muni- 
cipal water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed 
pumps,  chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and 
hand  pumps  of  every  kind. 


PUMPS 
HYDRAULIC 
MACHINERY 
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PUMPS  ANDHYDRAULIC  TURBINES 


MINING 
PUMPS 


WATER 
WHEELS 


GOYNE  STEAM  PUMP  CO. 

ASHLAND,  PA. 

Manufacturers  of  Mining  Pumps  for  any  service  or  capacity.  Most  Engineers 
know  that  tlie  life  of  the  superior  mining  pump  is  from  two  to  four  times  that  of  the 
ordinary  on  the  same  service.  Why  then  let  a  difference  of  from  25  to  even  50^  in  first 
cost  determine  your  selection? 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


PUMPING 
MACHINERY 


MINE   PUMPS 

FIRE  PUMPS 

POWER  PUMPS 


THE  JEANESVILLE  IRON  WORKS  CO. 

HAZELTON,  PA. 

Builders  of  High-grade  Pumping  Machinery  Direct-acting,  Fly-wheel, 
and  Centrifugal  for  elevator,  mine  and  waterworks  service. 


KNOWLES  STEAM  PUMP  WORKS 

11.5  Broadway,  NEW  YORK         Works:  EAST  CAMBRIDGE,  MASS. 

Mine  Pumping  Machinery,  Vacuum  Pumps,  Underwriter  Fire  Pumps 
and  Power  Pumps. 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 

BOILERS 


MACHINISTS 

PUMP 

MANUFACTURERS 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Boilers. 


WILLIAM  E.   QUIMBY,  INC. 

548-50  West  23d  St.  NEW  YORK 

Have  a  shop  on  ^Sd  Street,  New  York,  equipped  with  large  and  accurate 
tools  and  do  a  general  machine  business.  Also  manufacture  the  Quimby 
Screw  Pump  and  Quimby  Electric  Surnp  Pump. 


TURBINES 


RISDON-ALCOTT  TURBINE  CO. 

MT.  HOLLY,  N.  J. 

Manufacturers  of  Risdon  Cylinder  Gate  Turbine,  Risdon  Register  Gate 
Turbine,  Alcott  High  Duty  Turbine,  Leviathan  Hinged  Gate  Turbine. 
Successors  to  T.  H.  Risdon  &  Co.,  and  T.  C.  Alcott  &  Son. 


TURBINE 
WATER 
WHEELS 


S.  IVIORGAN  SMITH  CO. 

YORK,  PA. 
Manufacturers  of  Turbine  Water  Wheels,  Cylinder  and  Wicket  Gate, 
suitable  for  operating  all  kinds  of  machinery.     We  design  and  build  Tur- 
bines to  meet  specific  requirements. 
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PUMPS  AND   HYDRAULIC  TURBINES 


THE  SNOW  STEAM  PUMP  WORKS 

115  Broadway,  NEW  YORK  Works:  BUFFALO,  N.  Y. 

Water  Works  Pumping-  Engines,  Oil  Line  Pressure  Pumps,  Gas  Engines. 


HENRY  R. 

lis  Broadway,  NEW  YORK 


WORTHINGTON 

Works:  HARRISON,  N.  J. 


Steam  Pumping  Machinery  for  every  service.     Jet,  Surface  and  Bar- 
ometric Condensers.     Water  Meters  and  Water  Works  Pumping  Engines. 


PAPERS  FROM  TRANSACTIONS  OF  A.  S.  M.   E. 

No.  243.  Testing  of  Water  Wheels:"R.  H.  Thurston,  price  $.50;  No.  4S3.  A  Problem 
in  Water  Power:  John  Richards,  price  $.10;  No.  10«.  Potential  Efficiency  of  Prime 
Movers:  C.  V.  Kern,  price  1.^0:  No.  lO.iT.  Computation  of  Values  of  Water  Powers:  C. 
T.  Main,  price  $.20;  No.  H07.  Efficiency  Tests  of  Turbine  Water  Wheels:  W.  O.  Webber, 
price  $.30. 


PUMPING 
ENGINES 

PRESSURE 
PUMPS 

GAS 
ENGINES 


PUMPS 

CONDENSERS 

WATER 

METERS 
WATER  WORKS 

PUMPING 

ENGINES 


PAPERS 

ON 
WATER 
WHEELS 


ELECTRICAL  APPARATUS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  equipped  machines  of  all  kinds  with 
its  motors.     For  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 


ELECTRIC 
DRIVE 


RELIANCE  ELECTRIC  &  ENGINEERING  CO 
CLEVELAND,  OHIO 

Our  specialty  is  Machine  Shop  Drives.  We  will  design  all  parts  for  the  conver- 
sion of  your  belt  driven  machines  into  motor  drive.  Manufacturers  of  the  Lincoln 
Variable  Speed  Motor.     Also  a  complete  line  of  D.C.  and  A.C.  Constant  Speed  Motors. 


ELECTRIC 
MOTORS 


WAGNER  ELECTRIC  MFG 

ST.  LOUIS,  MO. 


COMPANY 


Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power 
and  Ligliting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  poly- 
phase generators  and  motors  tlie  market  affords.  Manufacturers  of  the  most  compre- 
hensive line  of  switchboard  and  portable  instruments  offered  to-day. 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  472.  Electric  Power  Distribution:  H.  C.  Spaulding,  price  $.20;  No.  485.  The 
Electric  Railway  as  applied  to  Steam  Roads:  B.  J.  Dashiell,  Jr.,  price  $.10;  No.  845. 
The  Mechanical  Equipment  of  the  New  South  Station:  W.  C.  Kerr,  price  $1.00;  No. 
1043.    Middlesborough  Dock  Electric  and  Hydraulic  Power  Plant:  V.  L.  Raven,  price  $.30. 
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DYNAMOS 
MOTORS 

Transformers 
Instruments 


PAPERS 

ON 

ELECTRICAL 

APPARATUS 


AIR  COMPRESSORS  AND   PNEUMATIC  TOOLS 


AIR   COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR 

Compressors 


THE   BLAISDELL    MACHINERY   CO. 

BRADFORD,  PA. 

NEW  YORK  BOSTON  CHICAGO 

Blaisdell  Air  Compressors  are  manufactured  in  all  sizes  for  all  purposes. 


THOS.   H.  DALLETT  CO. 

AIR  York  and  -23Rn  St.  PHILADELPHIA,  PA. 

COMPRESSORS;  Our  Compressors  are   exceptioncally  massive  and  rigid  in   design;  have  liberal 

bearing  surfaces;  all  working  parts  are  readily  accessible;  have  special  intake  and  dis- 
charge valves.  Are  particularly  adapted  for  high  class  installations.  Capacities  from 
80  cu.  ft.  per  minute  up  to  1200  cu.  ft.     Write  for  catalogue.  ' 


Air 
compressors 

ELEVATOR 
PUMPS 

PUMPING 
ENGINES 


THE  LAIDLAW-DUXN-GORDON  CO. 

115  Broadway,  NEW  YORK  Works:  CINCINNATI,  OHIO 

Air  Compressors,  Elevator  Pumps,  Cross  Compound  Pumping  Engines. 


ENGINEERING   MISCELLANY 


UNIVERSAL 

CAST  IRON 

PIPE 


CENTRAL  FOUNDRY  COMPANY 

37  Wai.1.  St.  NEW  YORK 

Universal  Cast  Iron  Pipe  is  permanently  unequaled  for  gas,  water,  air 
or  steam  lines.      See  descriptive  advertisement  on  page  No.  23. 


BALL 
BEARINGS 


CHAPMAN    BALL    BEARING    CO. 

40  Bristol  St.  BOSTON,  MASS. 

Chapman  Double  Ball  Bearings  eliminate  line  shaft  friction  and  there- 
fore save  power.  May  be  applied  to  special  machines  of  all  descriptions  as 
well.     Lubrication  reduced  to  a  minimum.     Send  for  catalog. 
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THE  ANNUAL  MEETING 

The  Thirtieth  Annual  Meeting  of  the  Society  will  be  held  in  the 
p]ngineering  Societies'  Building,  29  West  39th  Street,  New  York, 
December  7  to  10. 

The  Meetings  Committee,  Willis  E.  Hall,  Chairman,  having  entire 
charge  of  the  professional  program  has  arranged  for  four  professional 
sessions  at  which  papers  are  to  be  presented.  On  Wednesday  morn- 
ing following  the  regular  business  meeting  important  reports  of  the 
Gas  Power  Section  will  be  presented  for  discussion.  The  sessions 
comprise  a  symposium  on  the  Measurement  of  the  Flow  of  Fluids  with 
papers  taking  up  the  measurement  of  feed  water,  steam,  air  and  gas. 
One  session  will  be  devoted  to  Steam  Engineering  subjects  and 
another  will  be  in  charge  of  the  Gas  Power  Section.  For  the  latter 
session  two  papers  of  much  interest  have  been  assigned  and  additional 
reports  not  given  at  the  time  of  the  business  meeting  of  the  Society 
will  be  brought  up  for  discussion. 

ENTERTAINMENT 

For  the  first  time  at  an  annual  convention  of  the  Society  the  social 
entertainment  will  be  in  charge  of  the  members  resident  in  and  about 
New  A^ork  under  the  immediate  direction  of  a  Local  Committee 
appointed  by  them  of  which  William  D.  Hoxie  is  Chairman.  For 
Wednesday  afternoon  an  excursion  is  planned  which  the  members 
and  guests  will  be  asked  to  attend  in  a  body  and  during  the  balance 
of  the  time  there  will  be  opportunities  for  smaller  parties  to  visit 
places  of  interest. 
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Special  efforts  will  be  made  to  extend  hospitality  to  out-of-town 
members  and  ladies  and  to  promote  an  atmosphere  of  sociability 
which  will  facilitate  the  forming  of  friendships,  the  most  important 
opportunity  of  the  convention. 

A  Ladies'  Reception  Committee  will  arrange  for  the  entertainment 
of  the  ladies  in  a  manner  similar  to  that  of  last  year. 

RECEPTIONS    AND    EVENING    MEETINGS 

At  the  opening  session  on  Tuesday  evening  will  be  the  introduc- 
tion of  the  new  President  and  the  reading  of  the  President's  address, 
followed  by  a  social  gathering.  On  Wednesday  evening  there  will  be  a 
lecture  of  unusual  interest  upon  the  Development  of  Agricultural 
Machinery  by  L.  W.  ElHs  of  the  Bureau  of  Plant  Industry  of  the  Agri- 
cultural Department,  Washington,  D.  C.  He  has  at  his  disposal  the 
information  and  photographs  for  slides  that  have  been  acquired  by 
the  Agricultural  Department,  showing  the  wonderful  resources  of  the 
country  on  the  great  farms  of  the  West,  and  he  will  dwell  very 
largely  on  the  development  of  the  machinery  which  has  kept  pace  with 
it  and  in  which  all  engineers  are  interested. 

On  Thursday  evening  will  be  the  reception,  which  will  be  held  in 
the  grand  ballroom  of  the  Hotel  Astor.  Boxes  in  the  balcony  will 
be  available  for  members  and  guests  who  wish  to  attend  and  not 
participate  in  the  dancing. 

HEADQUARTERS 

The  headquarters  will  be  established  in  the  foyer  on  the  first  floor 
of  the  Engineering  Societies'  Building.  Members  and  guests  are 
requested  to  register  immediately  upon  their  arrival  and  receive  a 
badge  and  program.  Kailroad  certificates  should  be  presented  at 
that  time  for  validation.  A  writing  room  will  be  provided  on  the  first 
floor  opposite  the  entrance  fully  equipped  for  the  use  of  members. 
There  is  also  a  telephone  exchange  with  several  booths  on  the  first 
floor  adjoining  the  elevators,  providing  ample  facilities  for  quick 
service. 

MEMBERS    REGISTER 

Two  editions  of  the  printed  Members  Register  will  be  issued.  The 
first  will  include  the  names  of  those  registered  before  9  p.m.  Tuesday, 
and  will  be  distributed  at  the  morning  session  on  Wednesday.  The 
second  edition  will  contain  the  names  of  those  registered  before  10  p.m. 
on  Wednesday.  It  will  be  distributed  at  the  morning  session  on 
Thursday. 


PKOGKAM^ 

NEW  YORK,  DECEMBER  7-10,  1909 

OPENING  SESSION 

Tuesday,  December  7,  8.S0  'p.m.,  Auditorium 

The  President's  Address. 

Report  of  tellers  of  election  of  officers. 

Introduction  of  the  President-elect. 

Reception  by  the  President  and  President-elect,  with  their  ladies, 
to  the  Membership  of  the  Society,  their  ladies  and  friends,  in  the  rooms 
of  the  Society.     All  are  invited. 

Music  and  refreshments. 

Col.  E.  D.  Meier,  Chairman  Sub-Committee  in  charge  of  President's 
Reception. 

BUSINESS  MEETING 
Wednesdai/,  December  8,  9.30  a.m..,  Auditorium, 

Annual  business  meeting.  Reports  of  the  Council,  tellers  of  elec- 
tion of  membership,  standing  and  special  committees  and  Gas  Power 
Section.  Amendments  to  the  Constitution.  New  business  may  be 
presented  at  this  session. 

A  luncheon  will  be  served  to  the  Membership  and  guests,  on  the 
fifth  floor  of  the  building,  at  1.00  p.m.  Cards  may  be  obtained  at 
the  registration  desk  from  the  Sub-Committee  in  charge. 

Wednesday  afternoon 
Excursion  to  points  of  engineering  interest.     Mr.  Hosea  Webster 
Chairman  Sub-Committee  on  Excursions. 

LECTURE 
Wednesday,  8.16  p.m.,  Auditorium 
Lecture  by  Mr.  L.  W.  Ellis  on  the  Development  of  Agricultural 
Machinery.     Illustrated  with  lantern  views. 

PROFESSIONAL  SESSIONS 
Thursday,  December  9,  9.30  a.m..  Auditorium 

MEASUREMENT    OF    THE    FLOW    OF    FLUIDS 

Tests  on  a  Venturi  Meter  for  Boiler  Feed,  by  Chas.  M.  Allen. 
The  Pitot  Tube  as  a  Steam  Meter,  Geo.  F.  Gebhardt. 

*  Subject  to  revision 

All  professional  meetings  of  the  Society  will  be  called  to  order  at  the  time 
specified  on  the  program. 
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Efficiency  Tests  of  Steam  Nozzles,  F.  H.  Sibley  and  T.  S.  Kemble 

An  Electric  Gas  Meter,  C.  C.  Thomas. 

A  luncheon  will  be  served  to  the  Membership  and  guests,  on  the 
fifth  floor  at  1.00  p.m.  Cards  may  be  obtained  at  the  registration 
desk  from  the  Sub-Committee  in  charge. 

Thursday,  2  p.m.,  Auditorium 

STEAM    engineering 

Tan  Bark  as  a  Boiler  Fuel,  David  M.  Myers. 

Cooling  Towers  for  Steam  and  Gas  Power  Plants,  J.  R.  Bib- 
bins. 

Some  Studies  in  Rolling  Mill  Engines^  W.  P.  Caine. 

An  Experience  with  Leaky  Vertical  Fire  Tube  Boilers, 
F.  W.  Dean. 

The  Best  Form  of  Longitudinal  Joint  for  Boilers,  F.  W.  Dean. 

Thursday,  2  p.m.,  Lecture  Hall,  6th  floor 

GAS    power    section 

Business  meeting  and  election  of  officers 

Testing  Suction  Gas  Producers  with  a  Koerting  Ejector 
C.  M.  Garland,  A.  P.  Kratz. 

Bituminous  Producers,  J.  R.  Bibbins. 

RECEPTION 
Thursday,  9  p.m..  Hotel  Astor 

Reception  by  the  Members  of  New  York  and  vicinity  to  the  Offi- 
cers and  Mei^ibership  of  the  Society,  their  ladies  and  guests,  at  the 
Hotel  Astor. 

Dancing  and  refreshments. 

Cards  will  be  required,  obtainable  at  the  Registration  desk,  from 
the  Sub-Committee  in  charge. 

Prof.  Arthur  L.  Williston,  Chairman  Sub-Committee  in  charge  of 
the  Reception. 

PROFESSIONAL  SESSION 

Friday,  December  lO,  9.30  a.m.,  6th  floor 

The  Bucyrus  Locomotive  Pile  Driver,  Walter  Ferris. 

Line  Shaft  Efficiency,  Mechanical  and  Economic,  Henry  Hess. 

Pump  Valves  aND  Valves  Areas,  A.  F.  Nagle. 

A  Report  on  Cast-Iron  Test  Bars,  A.  F.  Nagle. 


RAILROAD  TRANSPORTATION  NOTICE 

For  members  and  guests  attending  the  Annual  Meeting  in  New 
York,  December  7-10,  1909,  the  special  rate  of  a  fare  and  three-fifths 
for  the  round  trip,  on  the  certificate  plan,  is  granted  when  the  regular 
fare  is  75  cents  and  upwards,  from  territory  specified  below. 

a  Buy  your  ticket  at  full  fare  for  the  going  journey,  between 
December  3  and  9  inclusive,  and  get  a  certificate,  not  a 
receipt,  securing  these  at  least  half  an  hour  before  the 
departure  of  the  train. 

b  Certificates  are  not  kept  at  all  stations.  If  your  station 
agent  has  no  certificates  and  through  tickets,  he  will 
tell  you  the  nearest  station  where  they  can  be  obtained. 
Buy  a  local  ticket  to  that  point  and  there  get  your  cer- 
tificate and  through  ticket. 

c  On  arrival,  present  your  certificate  to  S.  Edgar  Whitaker 
at  headquarters,  with  25  cents  for  validation.  A  certi- 
ficate cannot  be  validated  after  December  10. 

d  An  agent  of  the  Trunk  Line  Association  will  validate  certifi- 
cates December  8,  9  and  10.  No  refund  will  be  made  on 
account  of  failure  to  have  certificate  validated. 

e  One  hundred  certificates  must  be  presented  for  validation 
before  the  plan  is  operative.  This  makes  it  important  to 
ask  for  a  certificate,  and  to  turn  it  in  at  headquarters. 
Even  though  you  may  not  use  it  this  will  help  others  to 
secure  the  reduced  rate. 

/  If  the  certificate  is  validated,  a  return  ticket  to  the  destina- 
tion can  be  purchased,  up  to  December  14,  on  the  same 
route  over  which  the  purchaser  came,  at  three-fifths  the 
rate. 

This  special  rate  is  granted  only  for  the  following: 
Trunk  Line  Association: 

All  of  New  York  east  of  a  line  running  from  Buffalo  lo  Salamanca,  all  of 
Pennsylvania  east  of  the  Ohio  River,  all  of  New  Jersey,  Delaware  and 
Marj'land;  also  that  portion  of  West  Virginia  and  Virginia  north  of  a  line 
running  through  Huntington,  Charleston,  White  Sulphur  Springs,  Char- 
lot  teville,  and  Washington,  D.  C. 
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Central  Passenger  Association: 

The  portion  of  Illinois  south  of  a  line  from  Chicago  through  Peoria  to  Keokuk 
and  east  of  the  Mississippi  River,  the  States  of  Indiana,  and  Ohio,  the 
portion  of  Pennsylvania  and  New  York  north  and  west  of  the  Ohio  River, 
Salamanca  and  Buffalo,  and  that  portion  of  Michigan  between  Lakes 
Michigan  and  Huron. 

New  England  Passenger  Association,  except  via  Bangor  and 
Aroostook  R.  R.,  Rutland  R.  R.,  N.  Y.  O.  &  W.  R.  R.,  Eastern 
Steamship  Co.  and  Metropolitan  Steamship  Co. 

Maine,  New  Hampshire,  Vermont,  Massachusetts,  Rhode  Island  and  Con- 
necticut. 

The  Western  Passenger  Association  offer  revised  one-way  fares 
to  Chicago,  Peoria  and  St.  Louis;  these  three  places  are  points  in  the 
Central  Passenger  Association,  and  from  these  points  purchase  round 
trip  tickets,  in  the  manner  outlined  in  the  preceding  paragraphs: 

North  Dakota,  South  Dakota,  Nebraska,  Kansas,  Colorado,  east  of  a  north 
and  south  line  through  Denver;  Iowa,  Minnesota  and  Wisconsin. 
Missouri  north  of  a  line  through  Kansas,  Jefferson  City  and  St.  Louis; 
Illinois  north  of  a  line  from  Chicago  through  Peoria  to  Keokuk. 

Eastern  Canadian  Passenger  Association: 

Canadian  territory  east  of  and  including  Port  Arthur,  Sault  Ste.  Marie, 
Sarnia  and  Windsor,  Ont. 


OTHER  COMING  MEETINGS  OF  THE  SOCIETY 

At  the  meeting  of  the  Society  to  be  held  in  Boston  on  December  17, 
at  the  Edison  Auditorium,  the  following  papers  will  be  presented, 
forming  a  symposium  on  the  Effect  of  Superheated  Steam  on  Cast 
Iron  and  Steel: 

Cast-iron  Fitthigs  for  Superheated  Steam,  by  Prof.  I.  N.  Hollis. 

The  Effect  of  Superheated  Steam  on  the  Strength  of  Cast  Iron,  Gun 
Iron,  and  Steel,  by  Prof.  E.  F.  Miller. 

Cast-iron  Valves  and  Fittings  for  Superheated  Steam,  by  Arthur 
S.  Mann. 

A  meeting  of  the  Society  will  be  held  at  St,  Louis,  December  11. 

RECENT  MEETINGS  OF  THE  SOCIETY 

BOSTON,    OCTOBER   20 

On  Wednesday  evening,  October  20,  a  meeting  of  the  Society  was 
held  at  Boston  with  the  Boston  Society  of  Civil  Engineers,  in  Tremont 
Temple.  A  paper  on  the  Strength  of  Reinforced  Concrete  Beams 
was  presented  by  Prof.  Gaetano  Lanza,  followed  by  an  interesting 
discussion  in  which  the  following  took  part;  Vice-President  Chas.  T. 
Main,  of  the  Boston  Society  of  Civil  Engineers,  F.  Sumner  Hinds 
Desmond  FitzGerald,  Robert  L.  Read,  Prof.  C.  M.  Spofford,  Henry 
F.  Bryant,  Prof.  Geo.  F.  Swain,  Rolf  R.  Newman.  Contributed 
discussion  was  also  presented  by^J.  R.  Worcester  and  Harry  E. 
Sawtelle. 

NEW    YORK,    NOVEMBER    9 

At  the  meeting  of  the  Society  at  New  York  on  November  9,  Pro- 
fessor Lanza  presented  his  paper  on  Stresses  in  Reinforced  Concrete 
Beams,  and  Professor  Rautenstrauch,  his  paper  on  Design  of  Curved 
Machine  Members.  The  discussion  on  both  papers  proved  of  great 
value,  the  lantern  slides  shown  in  the  discussion  of  Professor  Lanza's 
paper  adding  much  to  its  interest.  A  number  of  authorities  on  rein- 
forced concrete  design  and  construction  had  expressed  a  desire  to  dis- 
cuss Professor  Lanza's  paper  and  much  valuable  information  was 
brought  out  regarding  the  present  state  of  the  art.     Those  discussing 
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the  paper  were  Sanford  E.  Thompson,  E.  P.  Goodrich,  Professor 
Rautenstrauch,  Prof.  W.  H.  Burr,  B.  H.  Davis,  of  the  Lackawanna 
Raih'oad,  who  showed  shdes  of  a  number  of  concrete  arches  in  raihoad 
work;  C.  B.  Grady  of  the  New  York  Edison  Company,  who  showed 
shdes  of  beams  and  floor  slabs  under  test;  F.  B.  Gilbreth,  who  showed 
slides  of  the  longest  concrete  beam  of  a  rectangular  section  ever  built 
in  a  roof,  as  well  as  other  beams  which  had  successfully  passed  through 
the  fire  and  earthquake  of  the  San  Francisco  disaster.  Contributed 
discussions  by  Prof.  J.  C.  Ostrup,  E.  L.  Heidenreich,  and  C.  E.  Hough- 
ton were  also  presented.  Professor  Rautenstrauch's  paper  was  dis- 
cussed by  a  number  of  authorities  on  machine  tool  design,  as  follows : 
Professor  Lanza,  Chas.  R.  Gabriel,  George  R.  Henderson,  Professor 
Burr,  Herman  A.  Knoener,  and  CarJ  G.  Barth.  Those  submitting 
written  discussions  were:  C.  E.  Houghton,  A.  L.  Campbell,  H. 
Gansslen,  F.  I.  Ellis,  E.  J.  Loring  and  John  S.  Myers. 

MEETING  OF  THE  COUNCIL 

A  meeting  of  the  Council  was  called  to  order  at  3  p.m.,  Novembei 
9,  1909,  in  the  rooms  of  the  Society,  Jesse  M.  Smith,  President,  pre- 
siding. There  were  present:  Messrs.  Miller,  Hunt,  Gantt,  Swasey, 
Carpenter,  Stott,  Riker,  Wiley,  Moultrop,  Breckenridge  and  the 
Secretary.     Regrets  were  received  from  George  M.  Bond. 

The  Secretary  reported  the  death  of  Lewis  C.  Grover. 

EXECUTIVE  COMMITTEE 

The  Chairman  reported  the  forwarding  of  the  formal  acceptance  of 
the  invitation  of  the  Institution  of  Mechanical  Engineers  and  that 
the  invitation  and  acceptance  were  to  be  printed  in  a  circular  letter 
soon  to  be  sent  to  the  entire  membership,  together  with  a  reply  postal 
card,  to  ascertain  how  many  members  were  going  or  hoped  to  go  to 
England  next  year,  as  well  as  those  who  know  they  cannot  go. 

AMENDMENTS    TO    BY-LAWS    AND    RULES 

Notice  of  proposed  amendment  to  By-Law  B  13-36-34  was  given. 
Voted:     That  the  matter  of  amendment  to  C-18  and  B-18  be 
referred  to  the  Finance  Committee. 

Voted:     To  approve  the  following  amendment  to  Rule  4. 

R-4  Each  paper  which  has  been  accepted  by  the  Committee  on  Meetings  for 
presentation  at  any  meeting  of  the  Society  shall  be  published  in  The  Journal  at 
least  seven  days  in  advance  of  that  meeting  and  in  the  form  in  wliich  it  has  been 
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accepted  by  that  Committee,  and  that  paper  shall  also  be  distributed  in  pamphlet 
form  at  that  meeting.  A  paper  received  too  late  for  such  distribution  shall  only 
be  accepted  for  presentation  at  that  meeting  by  unanimous  consent  of  the  Com- 
mittee on  ]\Ieetings,  and  shall  if  so  accepted  be  published  in  a  subsequent  issue  of 
The  Journal.  A  member  may  by  letter  signify  his  intention  to  discuss  any  of  the 
papers  and  unless  otherwise  directed  by  the  presiding  officer  priority  in  debate 
shall  be  given  in  the  order  of  the  receipt  by  the  Secretary  of  such  notification. 

MACHINE  SHOP  SECTION 

Resolutions  of  the  Committee  were  presented,  expressing  the  accord 
and  sympathy  of  the  Council  with  those  seeking  to  give  special  prom- 
inence to  papers  and  discussions  on  the  machine  shop  and  related 
topics  and  its  approval  of  a  policy  whereby  the  individual  activity 
of  members  interested  in  special  topics  of  practice  or  discussion  may 
be  enlisted.  To  this  end  the  Council  will  favor  the  creation  of  sub- 
committees of  members  of  the  Society,  under  the  general  direction  of 
the  Meetings  Committee,  to  assist  that  Committee  in  procuring  papers, 
the  holding  of  meetings  for  their  discussion,  and  the  stimulation  of 
activity  and  interest  along  such  special  lines. 

Voted:  That  the  report  of  the  Executive  Committee  with  respect 
to  a  Machine  Shop  Section  be  adopted  and  referred  to  the  Meetings 
Committee,  for  their  recommendations. 

STUDENT  BRANCHES  AND  RULES 

Voted:  To  adopt  the  Committee's  report  on  Student  Branches, 
containing  the  following  resolutions: 

That  the  Secretary  be  authorized  by  Council  to  take  all  necessary  preliminary 
steps  when  the*  application  for  a  student  branch  comes  from  any  university, 
college  or  technical  school  authorized  by  charter  to  give  degrees  in  engineering 
or  applied  science  and  which  has  a  member  or  members  of  the  Society  in  its 
faculty,  who  shall  join  in  making  such  apiilication.  Such  a  Student  Branch  must 
have  an  enrollment  of  at  least  fifteen  students;  must  make  application  to  the 
Council  on  a  blank  provided  by  the  Secretary,  tliis  blank  to  receive  the  signature 
of  approval  of  said  member  of  the  faculty  and  also  that  of  the  dean  or  executive 
head  of  the  institution;  and  must  file  with  the  Secretary  a  copy  of  its  Constitution 
and  By-Laws,  together  with  an  agreement  to  comply  with  the  rules  and  require- 
jnents  of  the  Society  during  the  existence  of  their  relationship. 

Resolved:  That  the  printed  list  of  Committees  in  the  Year  Book 
contain  a  Committee  on  Student  Branches  and  that  until  further 
action  Prof.  F.  R.  Hutton,  Honorary  Secretary,  be  appointed  such 
Committee. 
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The  Executive  Committee  shall  have  power  to  direct  the  Secretary 
to  organize  such  a  Student  Branch  when  the  foregoing  requirements 
have  been  complied  with,  and  shall  report  such  action  to  the  Council. 

Voted:  That  the  Council  approve  the  applications  of  the  following- 
student  bodies,  as  recommended  by  the  Executive  Committee,  to 
become  Affiliate  Branches  of  the  Society:  University  of  Illinois,  Penn- 
sylvania State  College,  New  York  University,  Massachusetts  Institute 
of  Technology,  University  of  Cincinnati,  University  of  Wisconsin, 
and  Columbia  University. 

MEETINGS  COMMITTEE 

The  Secretary  reported  that  the  Council  had  passed  resolutions, 
authorizing  the  Meetings  Committee  to  establish  meetings  in  differ- 
ent cities,  on  the  same  basis  as  those  held  monthly  in  New  York,  but 
subject  to  the  approval  of  the  Executive  Committee  and  Council. 

The  question  of  the  necessity  of  this  approval  in  each  case  was  con- 
sidered and  it  was 

Voted:  That  the  Council  approve  the  meetings  that  have  already 
been  held  in  cities  other  than  New  York,  and  which  have  already  been 
approved  by  the  Executive  Committee;  and  further 

Voted:  That  the  whole  subject  of  all  monthly  meetings  of  the 
Society  be  referred  to  the  Committee  on  Meetings,  with  full  power. 

PUBLICATION  COMMITTEE 

The  report  of  the  Publication  Committee  with  respect  to  the  Year 
Book  was  adopted,  with  amendments,  as  follows: 

Voted:  To  publish  the  Year  Book  once  a  year  in  February;  that 
the  next  issue  be  the  standard  club-book  size,  to  be  issued  with  com- 
plete alphabetical  list  and  with  abbreviated  geographical  list,  giving 
the  minimum  information  necessary  m  order  to  address  a  man  at  his 
firm,  or  his  home  in  case  he  has  no  business  address.  Make-up  of 
book  to  be  changed  to  the  list  of  officers  and  Standing  Committees  first, 
list  of  members,  and  finally  Constitution  and  By-Laws;  including  a 
picture  of  the  building. 

It  was  further' 

Voted:  That  the^design  of  the  cover^of^the  present  Year  Book 
be  adopted  as  the  style  of  the  outside  cover  of  all  succeeding  Year 
Books,  but  reduced  in  size. 
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FINANCE  COMMITTEE 

The  Finance  Committee  recommended  to  the  Council  that,  in  the 
absence  of  the  President  or  the  Treasurer,  one  of  the  Vice-Presidents 
be  appointed  Assistant  Treasurer,  to  sign  checks  duly  authorized  by 
the  Finance  Committee.     It  was 

Voted:  To  defer  the  appointment  of  an  Assistant  Treasurer  to  the 
first  meeting  of  the  Council  under  the  new  administration. 

ANNUAL  REPORTS  OF  STANDING  COMMITTEES 

The  Secretary  presented  annual  reports  of  the  Standing  Committees 
The  reports  of  the  Finance  Committee  and  of  the  Auditors  were 
adopted  and  ordered  printed  in  The  Journal.     It  was  further 

Voted:  That  the  reports  of  all  the  Standing  Committees  be  pub- 
lished in  The  Journal.     The  meeting  adjourned. 

ACCESSIONS  TO  THE  LIBRARY 

The  list  of  accessions  to  the  library  which  is  published  in  each 
issue  of  The  Journal  includes  only  those  volumes  or  pamphlets  which 
have  been  added  by  gift,  exchange  or  purchase  to  the  individual 
library  of  The  American  Society  of  Mechanical  Engineers,  included 
in  the  United  Engineering  Library.  A  list  of  the  accessions  to  the 
libraries  of  the  American  Institute  of  Mining  Engineers  and  the  Ameri- 
can Institute  of  Electrical  Engineers,  also  included  in  the  joint  library, 
may  be  secured  upon  request  of  the  Secretary  of  the  Society. 


EDWIN  REYNOLDS  DESK 

The  Society  has  just  received  as  an  addition  to  the  furniture  of  its 
rooms  a  very  valuable  desk  of  extraordinarily  fine  workmanship, 
which  belonged  to  Edwin  Reynolds,  President  of  the  Society  for 
1902.  The  desk  was  presented  to  the  Society  by  Mrs.  Reynolds  on 
her  husband's  death,  February  19,  1909,  and  will  be  kept  in  the  rooms 
for  the  use  of  each  successive  president. 

The  desk  is  a  roll-top  desk  of  solid  mahogany,  natural  finish,  six 
feet  long  and  high,  and  elaborately  and  beautifully  carved.  It  was 
made  in  Antwerp  and  took  several  prizes  for  design  and  workmanship 
abroad  and  in  America.     Its  value  is  probably  $1500. 

The  desk  was  presented  to  Mr.  Reynolds  on  the  occasion  of  his 
seventieth  birthday  by  his  associates  of  the  Edward  F.Alhs  Company, 
afterwards  the  Allis-Ch aimers  Company,  of  Milwaukee,  Wis.,  of 
which  he  was  then  a  vice-president  and  superintendent.  Accom- 
panying the  gifts  was  the  following  memorial,  which  will  be  preserved 
with  the  desk. 

Milwaukee,  Wisconsin 

March   23,    1901. 

Mr.  Edwin  Reynolds,  2d  Vice  Pres.  &  Supt.  of  The  Edward  P.  Allis  Company, 

It  is  our  pleasure  in  behalf  of  the  Employees  of  this  Company  which  includes 
all  from  the  President  to  the  latest  Apprentice  to  present  to  you  on  this  your  70th 
Birthday  this  Desk,  together  with  the  Chairs,  Table  and  Rug  which  complete 
the  furnishing  of  your  office. 

The  founder  of  this  business,  Edward  P.  AlHs,  started  its  career  in  1860  with 
35  employees.  When  you  became  associated  with  it  in  1877  there  were  about  300 
workers  within  its  walls.  Today  after  nearly  a  quarter  century  of  your  able 
superintendency,  you  see  around  you  2500  earnest  strivers  after  its  success,  and 
all  united  in  wishing  you  God  speed  in  whatever  the  future  may  bring  to  you. 

In  making  the  presentation  it  is  the  sincere  desire  and  earnest  wish  of  all  that 
these  tokens  of  our  good  will  may  occupy  their  present  quarters  with  your  honored 
self  enjoying  them  for  long  years  to  come,  but  should  your  best  interest  require 
that  your  labors  be  put  forth  in  another  field,  or  that  you  should  take  a  well 
deserved  rest,  these  mementoes  accompanying  you,  will  still  be  a  daily  reminder 
of  the  friendship  and  esteem  of  your  co-workers,  who  these  many  years  have 
labored  and  wrought  with  you  in  the  upbuilding  of  these  works. 

That  the  years  of  your  Ufe  may  only  be  numbered  when  their  usefulness  and 
enjoyment  is  completed,  is  the  sincere  and  earnest  wish  of  all 

The  Committee. 


KEPORTS  ON  STANDING  COMMITTEES  TO  THE 
COUNCIL 

REPORT    OF   THE    FINANCE    COMMITTEE 

The  Committee  submits  the  statements  of  the  financial  condition 
of  the  Society,  together  with  the  report  of  Peirce,  Struss  &  Co.,  of 
New  York,  certified  public  accountants,  who  have  audited  the  books 
and  accounts. 

Peirce  Struss  &  Co. 

Certified  Public  Accountants 

37  Wall  Street,  New  York 

November  8,  1909 
Mr.  Arthur  M.  Waitt, 

Chairman  Finance  Committee 
Dear  Sir: 

In  accordance  with  your  instructions,  we  have  audited  the  books  and  accounts 
of  The  American  Society  of  Mechanical  Engineers  for  the  year  ended  September 
30,  1909. 

The  results  of  this  exatnination  are  presented  in  three  exhibits,  attached  hereto, 
as  follows: 

Exhibit  A     Balance  Sheet,  September  30,  1909. 

Exhibit  B  Income  and  Expenses;  based  on  Cash  receipts  for  year  ended 
September  30,  1909. 

Exhibit  C     Receipts  and. Disbursements  for  year  ended  September  30,  1909. 
We  beg  to  present,  attached  hereto,  our  certificate  to  the  aforesaid  exhibits. 

Respectfully  submitted, 
Peirce,  Struss  &  Co. 

Certified  Public  Accountants 

Peirce,  Struss  &  Co. 

Certified  Public  Accountants 

.37  Wall  Street,  New  York 

November  8,  1909 
Mr.  Arthur  M.  Waitt, 

Chairman  Finance  Committee 
Dear  Sir: 

Having  audited  the  books  and  accounts  of  The  American  Society  of  Mechanical 
Engineers  for  the  year  ended  September  30,  1909,  we  hereby  certify  that  the 
accompanying  Balance  Sheet  is  a  true  exhibit  of  its  financial  condition  as  of 
September  30,  1909,  and  that  the  attached  statements  of  Income  and  Expenses, 
and  Cash  Receipts  and  Disbursements,  are  correct. 

Peirce,  Struss  &  Co. 

Certified  Public  Accountants 
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EXHIBIT  A 
Balance  Sheet,  September  30,  1909 

ASSETS 

Equity  in  Societies  Building  (25  to  33  West  39th 

Street) $353  346.62 

Equity,  one-third  cost  of  land  (25  to  33  West  39th 

Street) 180  000.00 


Library  Books $13  700.60 

Furniture  and  Fixtures 2  966 .  96 


$533  346.62 


16  667.56 


New  York  City  3^  %  Bonds  1954,  Par,  $35,000  ....       $30  925 .  00 
Cash  in  Bank  representing  Trust  Funds 12  918 .  39 

43  843.39 

Stores  including  plates  and  finished  publications 11  600 .  00 

Cash  in  Bank  for  general  purposes $7  444 .  83 

Petty  Cash  on  hand 250.00 

7  694.83 

Accounts  Receivable 

Membership  dues $4  924 .  50 

Initiation  fees 285 .  00 

Sale  of  publications,  advertising,  etc 4  334 .  55 

9  544.05 

Advances  account  of  land  subscription  fund 7  960 .  94 

Advanced  payments 2  214 .  15 


Total  assets $632  871 .  54 

LIABILITIES 

United  Engineering  Society  (for  cost  of  land) $81  000 .  00 

Funds 

Life  membership  Fund $35  151 .  07 

Library  Development  Fund. 4  902 .  71 

Weeks  Legacy  Fund 1  957 .  00 

Land  Fund  Subscriptions 1  227 .88 

Robert  H.  Thurston  Memorial  Fund 399 .  13 

Subscriptions  to  Annual  Meeting 205 .60 

43  843.39 

Current  Accounts  Payable 11  163.00 

Membership  dues  paid  in  advance $494 .  50 

Initiation  fees  paid  in  advance 50 .  00 

544.50 
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Initiation  fees  uncollected 

Reserve  (Initiation  fees) 

Surplus  in  property  and  accounts  i-eceivable. 

Total  Liabilities 


$285 . 00 

24  596.97 

471  438.68 

$632  871.54 


EXHIBIT  B 

Income    and    Expenses    based  on  Cash  Receipts  for  Year  Ended  Sept- 
ember 30,  1909 


income 

Membership  dues,  current $50  273.79 

Membership  dues,  arrears 2  355.00 

Sales  gross  receipts 8  847 .  39 

Advertising  receipts 11  997 .  50 

Interest  and  Discount 1  234 .  68 

Reserve  Fund,  10% 3  010.77 

$77  719.13 

expenses 

Finance  Committee  Office  Administration  including 

Salaries $19  971 .  91 

Finance,  United  Engineering  Society  As- 
sessments           0  000 . 00 

Finance,  miscellaneous 983 .  56 

$26  955.47 

Membership  Committee 2  392 .  36 

Increase  of  Membership  Committee 147.94 

House  Committee^: 1  192.43 

Library  Committee 2  699 .  17 

Meetings  Committee 

Annual  Meeting $2  074 .  24 

Spring  Meeting 1  410 .  52 

Monthly  Meetings 2  278 .  19         5  762 .  95 

Publication   Committee 

Advertising  Section  The  Journal      .  .      $7  026 .  06 

Journal,  except  Advertising 13   134.80 

Pocket  List 1  599. 59 

Revises 523 .  93 

Transactions,  Vol.  30 6  533.87 

Year  Book 1  401 .  30 

History 43 .  65 

30  263.20 

>  From  Current  Income $1102.43 

Reserve  Fund 2500.00 

Total  Expenses 3692.43 
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Research  Committee $0 .  58 

Committee  on  Power  Test 11 .  25 

Sales  Expenditures 4  060.99 

$73  486.34 

Excess  of  Income  over  Expenses 4  232.79 

$77  719.13 
EXHIBIT  C 

Receipts  and    Disbursements   foh  Year  Ended  September  30,  1909 

receipts 

Membership  dues $50  832 .  70 

Initiation  fees 6  460 .  00 

Membership  dues  and  initiation  fees  paid  in  advance..  551 .  00 

Sales  of  publications,  badges,  advertising,  etc 20  833 .  25 

Subscriptions  to  Land  Funtl 3  251 .  00 

Subscriptions  to  Expense  of  Annual  Meeting 2  188 .  00 

Interest 2  072 .  24 

John  Fritz  Medal 123 .  74 

Cash  Exchanges  per  contra 575 .  92 

.      $86  887.85 
Cash  in  Banks  and  on  hand,  Se])teniher  30,  1908 13  708.98 

$100  596.83 
disbursements 

Disbursements  for  general  piu'poses $76  167  .69 

Interest  on  Mortgage  on  land 3  240 .  00 

Cash  Exchanges  per  Contra 575 .  92 

$79  983.61 
Cash  in  Banks  and  on  liand,  Scpteml>er  30,  1909 20  613. 22 

•  

$100  596.83 

The  Committee  also  .submits  as  called  for  l)y  tlu^  By-Laws  a  tU^tailed 
estimate  of  the  probal^le  income  and  expehditui'e  of  the  Society  for 
the  Fiscal  year  ensuing.  This  estimate  has  been  submitted  to  the 
careful  consideration  of  each  committee  concerned  and  the  Finance 
Committee  has  been  assui'ed  in  each  instance  that  the  appropria- 
tions asked  for  in  the  estimate  include  all  needed  expenditures  to  carry 
out  the  work  of  the  different  committees  as  now  planned  and  author- 
ized. 

It  wull  be  noted  that  the  Society  is  not  being  opei'ated  for  profit, 
i)ut  that  practically  all  of  the  money  received  is  appropriated  for  the 
development  of  the  Society's  various  interests,  and  to  enable  giving  to 
each  member  a  constantly  increasing  return  for  his  membership  dues. 
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ESTIMATE,  1909-1910 

Current  Income  Current  Expenses 

Dues,  Current $52000         Finance  Committee $26000 

Dues,  Arrears 2000         Membership  Committee 2400 

Reserve  Fund,  10  % 2800         Increase  Menib.  Committee .  .  500 

Sales  gross  receipts 5000         House  Committee^ 1150 

Interest SOO         Library  Committee 2S80 

Advertising 21000         Meetings  Committee 8050 

—         Publication  Committee 34900 

$83600         Research  Committee 500 

Executive  Committee''' 600 

Power  Tests  Committee 500 

Sales  Expenditures 3000 


Excess  of  income  over  expense       3120 


$83600 


'  In  addition  $3000,  to  be  appropriated  from  the  Reserve  Fund  for  the  House  Committee 
for  betterments  for  1909-1910. 

2  The  appropriation  for  the  Executive  Committee  for  the  foreign  meeting  to  be  $3000,  to  be 
divided  from  Current  Income  at  not  less  than  $600  per  year  for  a  term  of  years  until  can- 
celled. 

Especial  attention  of  the  Council  is  called  to  the  fact  that  in  con- 
nection with  entering  upon  our  occupancy  of  the  present  refined  and 
dignified  headquarters,  a  large  sum  was  advanced  from  the  Society's 
working  capital,  known  as  the  Reserve  to  the  Land  and  Build- 
ing Fund  from  which  fund  by  vote  of  the  Council  the  interest  on  the 
mortgage  for  the  land  is  paid.  Admittedly  the  Society  cannot  afford 
to  pay  for  the  present  headquarters  out  of  its^current  income  unless 
the  Society  is  freed  from  debt ;  and  it  was  with  the  understanding  that 
sooner  or  later  this  debt  would  be  raised,  that  the  Society  was  justi- 
fied and  enabled  to  accept  the  gift  from  Mr.  Carnegie. ''|  During  the 
past  year  the  total  receipts  to  the  Land  and  Building  Fund  have 
been  practically  used  up  for  paying  the  interest  on  the  mortgage,  with- 
out decreasing  the  total  of  the  mortgage  to  the  extent  of  one^doUar. 

The  Finance  Committee  observes  that  it  has  been  the  custom,  by 
ruling  of  the  Council,  to  take  10  per  cent  of  the  Reserve  Fund 
each  year  to  be  applied  to  the  payment  of  current  expenses;  and  they 
recommend  to  the  Council  that  this  custom  be  discontinued,  and  that 
the  total  payments  into  the  Society  of  initiation  fees,  which  go  to 
make  up  the  Reserve  Fund,  shall  remain  in  the  Reserve,  and  that  only 
by  special  vote  of  the  Council  shall  money  be  expended  from  this 
Reserve. 
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The  Finance  Committee  trusts  that  the  time  is  opportune  for  the 
Land  and  Building  Fund  Committee  to  take  steps  during  the  coming 
year  to  raise  a  portion  if  not  all  of  the  indebtedness  amounting  to 
about  $90,000. 

It  is  highly  desirable  in  view  of  plans  for  broadening  the  work 
of  the  Society  that  our  income  available  for  such  extension  of  work  be 
increased.  The  organization  of  our  Society  is  such  that  the  Finance 
Committee  is  charged  solely  with  the  responsibility  of  administering 
the  Financial  affairs  of  the  Society  as  they  find  them  and  not  to  pro- 
duce revenue.  All  the  remaining  activities  of  the  Society  are  for 
the  expenditure  of  revenue.  The  Finance  Committee  suggests  there- 
fore that  it  would  be  in  keeping  with  good  management  if  a  special 
committee  was  appointed  to  consider  the  essential  feature  of  the 
Society's  broader  life,  viz:  the  income  side,  and  to  see  that  it  is  in- 
creased to  provide  for  the  reduction  caused  by  the  discontinuance  of 
taking  10  per  cent  annually  from  the  Reserve  for  operating  expenses 
and  to  provide  for  a  broader  work  in  the  future. 

Respectfully  submitted 

Arthur  M.  Waitt,  Chairman 

Edward  F.  Schnuck 

George  J.  Roberts     :. -v-^  ._    \-  Finance 

Robert  M.  Dixon  Committee 

Waldo  H.  Marshall 

REPORT    OF   the    HOUSE    COMMITTEE 

The  House  Committee  reports  that  it  has  endeavored  to  make 
the  headquarters  of  the  Society  more  attractive,  by  a  rearrangement 
of  the  rooms  and  by  additions  to  the  furnishings.  ;    iv-,  i-j.-lsft 

When  the  Society  entered  its  new  headquarters  nearly  three  years 
ago,  provisional  furnishings  were  purchased  sufficient  to  carry  on  the 
business  of  the  Society  but  with  no  attempt  at  decorative  features. 

The  original  plans  of  the  rooms  provided  for  a  large  reception  hall 
which  visitors  enter  from  the  elevators.  In  common  with  the  other 
floors  of  the  building  this  hall  was  open  to  the  main  stairway. 

A  partition  cutting  off  this  stairway  and  another  partition  separat- 
ing the  offices  has  converted  this  hah  into  an  excellent  reception 
room. 

Sliding  doors  have  been  arranged  so  that  the  Council  Room,  the 
Library  and  the  Secretary's  office  give  the  effect  of  one  large  and  spa- 
cious room. 
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The  walls  have  been  retinted,  and  new  rugs  cover  the  floors.  Com- 
fortable furniture  has  been  placed  in  the  reception  room.  There  will 
be  portieres  between  the  rooms,  draperies  at  the  windows,  and  more 
comfortable  chairs  and  divans  added  to  the  library  and  Council  cham- 
ber. 

The  Committee  has  aimed  to  make  the  rooins  homelike  and  com- 
fortable, to  make  a  place  which  the  members  will  use  freely  for  their 
own  convenience  and  for  meeting  other  members  or  friends  for  social 
or  business  engagements. 

In  addition  to  the  large  rooms  referred  to,  a  small  room  is  especially 
reserved  where  members  may  attend  to  their  correspondence  or  hold 
private  conferences. 

Photographs  of  the  Past-presidents  have  been  placed  on  the  walls 
of  the  Library  and  by  order  of  the  Council  a  similar  portrait  of  each 
succeeding  President  will  be  added  as  he  retires  from  office.  Name- 
plates  have  been  placed  on  the  portraits,  paintings  and  historical 
objects,  and  a  very  complete  catalogue  of  all  these  objects  of  historical 
interest  has  been  prepared.  This  catalogue  represents  the  result  of 
long  and  painstaking  research  on  the  part  of  Mr.  Edward  Van  Winkle 
of  our  Committee. 

Respectfully  submitted, 

Henry  S.  Loud,  Chairman 

W.  C.  DiCKERMAN 

B.  V.  SwENSON  \-  House  Committee 

Francis  Blossom  | 

Edward  Van  Winkle         J 

REPORT    OF    THE    LIBRARY    COMMITTEE 

During  the  past  year  further  steps  have  been  taken  in  the  evolu- 
tionary process  of  administering  the  libraries  of  the  American  Listi- 
tute  of  Mining  Engineers,  the  American  Institute  of  Electrical  Engi- 
neers and  that  of  our  own  Society,  as  far  as  practicable,  as  a  unit. 

This  process  has  involved  the  development  of  a  comprehensive  plan 
whereby  the  library  of  each  society  maintains  only  books  on  sub- 
jects in  Avhich  its  membership  is  particularly  interested,  treating 
all  other  publications  in  its  library  as  duplicates.  To  the  American 
Institute  of  Mining  Engineers  have  been  assigned  the  subjects  of 
mining  engineering,  geology,  mineralogy,  chemistry,  metallurgy  and 
a  part  of  chemical  technology.     To  the  American  Institute  of  Electri- 
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cal  Engineers  the  subjects  of  electrical  engineering,  electricity,  physics, 
mathematics  and  pure  science;  and  to  this  Society  the  subjects  of 
general  engineering,  railroad  engineering,  mechanical  engineering, 
civil  engineering  and  a  part  of  chemical  technology.  This  plan  has 
given  satisfaction  as  a  temporary  working  basis  enabling  each  organi- 
zation to  complete  or  supplement  imperfect  sets  from  the  collections 
of  the  others. 

During  the  year  a  union  card  catalogue  has  been  established,  cover- 
ing the  libraries  of  the  three  Founder  Societies,  which  enables  readers 
to  find  at  a  glance  all  the  literature  on  any  subject  that  may  be  con- 
tained in  any  of  the  libraries. 

A  Library  Conference  Committee,  consisting  of  the  Chairmen  of 
the  Library  Committees  of  the  three  societies,  has  under  considera- 
tion a  further  important  step  toward  the  unification  of  the  three 
libraries,  involving  the  organization  of  the  library  of  the  United  Engi- 
neering Society,  to  which  the  three  societies  shall  bear  the  same  rela- 
tion as  do  the  Founder  Societies  in  the  holding  of  the  United  Engi- 
neering Societies  building  and  property.  Such  a  plan  will  enable 
gifts  of  books  or  periodicals  not  specifically  designated  for  one  society 
to  be  received  and  taken  care  of  and  it  may  eventually  result  in  the 
purchase  of  books  jointly  in  which  the  three  Societies  would  have  a 
common  ownership.  This  plan  avoids  purchases  in  triplicate  or 
duplicate  and  concentrates  the  purchasing  power  and  extension  of  the 
library  in  a  way  that  will  be  of  undoubted  advantage  to  all  who  may 
have  occasion  to  consult  a  comprehensive  library  of  engineering  liter- 
ature, covering  all  branches  of  the  profession  and  having  available 
promptly  after  publication  all  the  important  books. 

It  is  probable  that  these  improvements  will  necessitate  the  carry- 
ing out  of  the  original  building  plans  for  the  library,  providing  addi- 
tional shelving  in  the  library  room  proper,  so  that  all  of  the  volumes 
may  be  readily  accessible. 

The  present  status  of  the  Library  of  The  American  Society  of  Mech- 
anical Engineers  is  as  follows: 

The  following  titles  have  been  catalogued  to  date: 

Durfee  library 570  vol. 

A.  S.  M.  E.  library 7237      " 

Withdrawal  of  duplicates  (not  accessioned) 800      " 

Pamphlets   1339      " 

Total 9946      " 
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The  additions  provided  for  1908-1909  and  included  in  the  above 
are  as  follows: 

By  gift    168  vol. 

By  purchase 95    " 

By  binding  of  exchanges 197    " 


Total  accessions 460 

Respectfully    submitted, 


J.  W.  LiEB,  Jr.,  Chairman 
C.  L.  Clarke 
h.  h.  suplee 
Ambrose  Swasey 
Leonard  Waldo 


Library 
Conmiittee 


REPORT  OF  THE  MEETINGS  COMMITTEE 

To  facilitate  the  work  of  the  present  Committee,  and  it  is  hoped,  of 
succeeding  committees,  a  record  has  been  made  of  its  policies  and 
decisions,  some  of  the  more  important  of  which  are  given  below: 

The  policy  of  the  Committee  shall  be: 

1  Further  condensation  of  papers  by  the  eUmination  of  all  superfluous  and 
irrelevant  matter,  or  matter  previously  printed,  and  of  such  statements  of  fact  as 
are  of  common  knowledge  in  the  profession. 

2  The  solicitation  and  selection  of  such  papers,  together  with  the  plan  of 
their  presentation  at  meetings,  as  may  make  the  Transactions  a  historical  and 
up-to-date  record  of  the  progress    of  all  branches  of  mechanical  engineering. 

3  The  presentation  of  a  subject,  whenever  possible,  in  such  a  way  as  best  to 
permit  of  a  general  and  thorough  discussion;  and  to  this  end  to  extend  invitations 
to  those,  whether  members  or  otherwise,  whose  experience  has  been  such  as  to 
bring  out  the  most  valuable  discussion  of  the  subject. 

4  At  the  Annual  and  Semi-Annual  Meetings,  a  reduction,  when  possible,  of 
the  number  of  professional  sessions,  and  of  the  number  of  papers  assigned  thereto 
in  order  that  more  opportunity  may  be  given  for  satisfactory  discussion  and  for 
social  intercourse  between  the  members.  It  is  the  opinion  of  the  Committee  that 
the  professional  sessions  heretofore  have  been  too  crowded. 

5  For  the  sake  of  uniformity,  the  adoption  of  a  few  rules  for  the  guidance  of 
authors,  these  to  be  based  on  the  experience  of  the  Committee  and  of  the  edi- 
torial department  of  the  Society,  and  to  offer  a  review  of  the  rules  governing 
similar  organizations. 

6  The  adoption  of  rules  tending  towards  greater  uniformity  in  the  actions  of 
the  Commitee;  these  rules  to  be  such  only  as  concern  actions  within  the  juris- 
diction of  the  Committee  and  subject  to  such  exceptions  as  in  the  opinion  of  the 
Committee  may  seem  desirable. 
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During  the  past  year,  the  Committee  has  submitted  to  the  Council 
a  number  of  suggestions  relative  to  changes  in  some  of  the  methods  of 
conducting  such  affairs  of  the  Society  as  relate  to  the  Meetings  Com- 
mittee. All  of  these,  with  slight  modifications,  have  been  accepted 
and  endorsed  by  the  Council  and  so  far  as  possible  placed  in  operation. 

The  selection  of  a  local  committee  to  take  charge  of  all  entertain- 
ment, apart  from  the  professional  sessions,  was  tried  at  the  last  Annual 
Meeting  with  satisfactory  results,  which  we  believe  long-established 
practice  will  make  even  better.  This  is  creating  greater  interest 
among  the  local  members,  and  a  feeling  of  some  responsibility  for  the 
entertainment  of  the  visiting  members,  and  places  the  Annual  Meet- 
ing upon  the  same  basis  as  the  Spring  Meeting,  thereby  eliminating 
what  has  been  heretofore  a  somewhat  inconsistent  situation.  The 
Social  and  Entertainment  Committee  will  for  the  first  time  this  year 
collect  and  disburse  the  fund  for  this  purpose,  which  will  be  kept  sep- 
arate and  apart  from  the  funds  of  the  Society.  This  phase  of  the 
arrangement  cannot  be  otherwise  than  satisfactory. 

The  resolution  of  the  Committee  submitted  to  the  Council,  rcla- 
tive  to  meetings  in  mid-season  in  cities  other  than  New  York,  was 
put  into  operation  immediately  upon  approval  by  the  Council.  In 
the  opinion  of  the  Committee,  this  movement  is  progressing  very 
satisfactorily  and  seems  to  be  assuming  a  natural,  healthy  growth. 
The  object  of  the  resolution  is  outlined  in  The  Journal  for  June  1909, 
pp.  17-19.  Successful  meetings  were  held  at  Boston,  April  16,  June  11, 
October  20,  and  November  17;  and  at  St.  Louis,  April  10,  May  15, 
October  16,  and  November  13.  This  movement,  as  was  desired 
and  anticipated,  is  bringing  before  the  Society  much  valuable  material 
in  the  form  of  papers  and  especially  of  discussion  that  would  other- 
wise be  inaccessible  to  the  members.  It  has  resulted  in  an  exchange 
of  papers,  which  promises  to  become  more  extensive  in  the  future. 

The  Council's  amendment  to  the  Committee's  resolution,  "subject 
to  the  approval  of  the  Council,"  we  find  from  experience  to  be  cum- 
bersome. To  facilitate  these  meetings,  the  Committee  must  act 
promptly  upon  request  from  members  residing  in  places  other  than 
New  York.  With  the  appropriations  for  these  meetings  decided  upon 
the  Committee  urges  that  the  Council  modify  its  instructions  to  the 
effect  that  the  Committee  may  have  full  authority  in  compliance  with 
the  original  resolution  submitted  by  the  Committee  to  the  Council. 

The  Committee's  interpretation  that  B-21  did  not  include  the 
vouchering  of  bills  covering  the  expenditures  of  the  appropriations 
for  its  work,  has  been  confirmed  by  the  minutes  of  the  Council  of  a 
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few  years  ago,  when  the  details  of  such  expenditures  were  placed  in 
the  Secretary's  hands  as  business  manager.  The  rules  governing 
office  procedure  have,  however,  been  changed  to  define  more  clearly 
this  interpretation,  resulting  in  some  simplification  of  the  work  of 
the  accounting  department. 

Last  spring  a  number  of  members  of  the  Society  requested  a  meet- 
ing or  conference  on  the  subject  of  Smoke  Abatement.  This  peti- 
tion and  the  action  of  the  Committee  were  referred  to  the  Council  on 
May  28,  1909.  This  request  was  for  a  National  Conference  with  the. 
elimination  of  the  engineering  features  as  far  as  possible.  After 
due  consideration  the  Committee  declined  to  take  favorable  action. 

Subsequent  to  the  above,  the  Committee  received  a  second  peti- 
tion asking  for  a  National  Conference,  but  along  strictly  engineering 
lines.  In  the  absence  of  precedent  relative  to  such  a  Conference,  the 
Committee  referred  the  question  to  the  Council.  The  Committee 
has  not  received,  but  would  gladly  receive  and  carefully  consider,  a 
paper  on  the  subject  of  Smoke  Abatement,  if  presented  along  strictly 
engineering  lines. 

We  believe  the  best  interests  of  the  Society  make  necessary  a  close 
working  arrangement  between  the  Research  and  Meetings  Committees. 

A  plan  was  inaugurated  early  in  the  year  which  it  is  thought  will 
bring  before  the  Society  more  new  material  than  has  been  heretofore 
available.  This  is  accomplished  by  correspondence  with  those  inter- 
ested in  original  research. 

The  usual  number  of  meetings  were  held  by  the  Society  during  the 
past  year,  all  of  which  are  now  on  record.  The  Committee  begs  to 
express  its  appreciation  for  the  assistance  and  cooperation  during  the 
year  of  the  officers  and  the  several  departments  of  the  Society. 

Willis  E.  Hall,  Chairman 

William  H.  Bryan 

L.  R.  PoMEROY  I'  Meetings 

Charles  E.  Lucre  j      Committee 

H.  deB.  Parsons  J 


report  of  the  membership  committee 

During  the  current  year  the  Membership  Committee  has  held  seven 
meetings,  at  which  a  total  of  361  applications  for  membership  have 
been  considered  with  the  following  results: 
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Applications  void  and  withdrawn 11 

Applications  deferred 11 

Recommended  for  membership 339 

There  were  two  ballots  during  the  year  on  which  the  applicants 
recommended  by  the  Committee  were  voted  for.     These  were  at  the 

Washington  meeting 148 

New  York  meeting 187 

Total 335 

In  addition  to  the  most  carefid  consideration  which  the  Secretary 
and  the  Membership  Committee  can  give  to  the  applications  for  mem- 
bership, the  cooperation  of  the  whole  voting  membership  is  needed 
in  order  to  maintain  the  high  standing  of  the  Society.  In  several 
instances  during  the  year  action  by  certain  members  in  giving  infor- 
mation to  the  Committee  has  caused  reconsideration  of  applications, 
with  the  result  that  they  have  been  indefinitely  deferred. 

A  member  should  not  agree  to  act  as  proposer  or  seconder  for  an 
applicant  unl(>ss  he  actually  knows  from  his  own  })ersonal  observa- 
tion enough  of  the  latter  and  his  work  to  be  able  to  answer  favorably 
all  the  ciuestions  on  the  reference  blank  regarding  him. 

The  Committee  has  endeavored  to  maintain  under  the  By-Laws 
the  standard  of  qualifications  of  applicants  for  whom  they  have  rec- 
ommended to  be  voted. 

The  work  of  the  Committee  has  been  greatly  facilitated  and  expe- 
dited by  the  complete  and  admirable  way  in  which  the  cases  have 
been  arranged  by  the  Secretary  and  his  staff  for  presentation  to  them. 

Respectfully  submitted, 

Henry  D.  HiBBARD,  CViamwaw  ] 
Charles  R.  Richards  I 

Francis  H.  Stillman  >  Me^nhersJii-p 


George  T.  Foran 
Hosea  Webster 


Committee 


report  of  the  publication  committee 

The  Publication  Committee  submits  herewith  the  annual  report  of 
its  work  and  of  the  activities  under  its  control  for  the  past  year. 

The  Committee  has  held  frequent  meetings  and  has  earnestly  en- 
deavored not  only  to  maintain  the  high  standard  for  the  i:»ublications 
of  the  Society  which  has  previously  been  set,  but  also  wherever  pos- 
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sible  to  raise  the  standard  to  a  new  level.  In  its  work  upon  Volume 
Thirty  of  the  Transactions  which  contains  the  record  of  the  Spring 
and  Winter  meetings  of  1908,  the  Committee  has  given  careful  study 
to  the  available  papers  with  a  view  of  selecting  for  that  volume  only 
those  of  greatest  value  for  permanent  record.  After  due  consider- 
ation several  papers  have  been  omitted  and  others  have  been  edited 
or  revised  with  the  approval  of  the  authors.  Discussions  also  have 
been  edited  and  in  some  cases  considerably  condensed  in  order  to 
separate  material  of  permanent  value  from  that  which  had  but  a  tem- 
porary or  passing  interest. 

In  compliance  with  the  Resolutions  passed  by  the  Council  in  April 
1909,  the  Publication  Committee  has  undertaken  the  general  super- 
vision of  The  Journal  in  addition  to  its  other  duties,  and  has  adopted 
the  following  general  plan  for  the  conduct  of  this  work: 

As  a  general  policy.  The  Journal  should  be  regarded  as  the  news- 
paper of  the  Society  and  reports  of  committees,  reports  of  meetings, 
professional  papers  of  the  Society  as  a  whole  or  of  sections,  book 
reviews,  Society  items,  etc.,  should  be  published  as  requested  by  com- 
mittees in  their  official  capacity  when  approved  by  this  Committee, 
without  charging  to  the  committees  or  activities  concerned  any 
expense  for  publication.  The  Journal  has  its  own  expense  account 
and  the  appropriation  for  The  Journal  should  be  sufficient  to^' cover 
editing  and  publication  of  this  material. 

*No  papers,  whether  for  the  meetings  of  theJ^Society  as  a  whole,  or 
for  sections,  technical,  student  or  geographical,  are  to  be  published 
except  as  formally  authorized  by  the  Meetings  Committee. 

Material  from  standing  committees  offered  officially  will,  in  general, 
be  published  in  the  form  which  these  committees  desire. 

Reports  of  meetings  of  the  Society  and  of  sections,  except  when  con- 
taining strictly  professional  papers  and  discussions  will,  in  general, 
be  published  in  condensed  form. 

All  matter  presented  at  meetings  other  than  the  professional  papers 
provided  by  the  Meetings  Committee,  including  all  discussions,  will 
be  edited  under  the  direction  of  the  Publication  Committee.  As  a 
general  policy,  discussion  will  be  condensed,  commercial  matter 
removed,  with  a  view  to  presenting  only  engineering  data,  opinions 
based  on  experience,  historical  notes  and  similar  material  of  value  for 
permanent  record  in  Transactions. 

The  advertising  section  of  The  Journal  which  began  with  the 
number  of  September  1908,  has  proven  successful.  The  income  from 
this  source  has  increased  steadily  until  at  the  present  time  there  is  a 
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gross  annual  income  from  it  of  $21,000;  and  through  the  action  of  the 
Council  this  increased  income  may  be  applied  to  the  improving  of 
the  quality  of,  and  to  the  development  of  The  Journal.  Plans  for 
such  development  are  under  consideration,  and  it  is  the  purpose  of 
the  Committee  to  make  improvements  as  rapidly  as  conditions  may 
warrant. 

But  the  most  effective  work  upon  the  Journal  and  that  which  will 
be  of  greatest  benefit  to  our  membership  at  large  is  the  careful  pre- 
paration for  publication  of  the  professional  material  presented  at  the 
regular  meetings  of  the  Society,  and  at  the  meetings  of  the  different 
sections.  In  this  great  fund  of  material  there  is  always  some  that  is 
unimportant  and  irrelevant,  and  much  more  that  could  be  made  of 
greater  value  by  skilful  editing  or  by  condensation.  During  the 
past  year  the  Committee  has  done  much  in  this  direction  that  has 
resulted  in  the  improved  quality  of  our  paper,  and  also  in  a  consider- 
able economy  of  money,  and  the  papers  now  appearing  in  The  Journal 
are  suitable,  with  little  or  no  alteration,  for  publication  in  the  Trans- 
actions. 

In  addition  to  the  volume  of  the  Transactions  and  TheJournal  the 
Committee  has  issued  the  annual  Year  Book  of  the  Society  and  the 
Pocket  List  of  Members. 

Respectfully  submitted, 

A.  L.  WiLLiSTON,  Chairman 

D.  S.  Jacobus 

H.  F.  J.  Porter  \- Publication 

H.  W.  Sp ANGLER  Committee 

G.  I.  ROCKWOOD 
REPORT  OF  THE  RESEARCH  COMMITTEE 

The  Research  Committee  was  formally  notified  of  their  appoint- 
ment under  date  of  April  7,  1909,  and  at  the  suggestion  of  the  Presi- 
dent, the  members  were  requested  to  meet  during  the  Spring  meeting 
of  the  Society  at  Washington.  Notice  was  given  a  short  time  in 
advance  of  the  meeting,  and  only  Prof.  R.  C.  Carpenter  and  Mr.  R.  H. 
Rice  were  present.  These  members,  however,  together  with  the 
President  of  the  Society,  Jesse  M.  Smith,  and  Charles  W.  Hunt, 
Past-President,  and  originator  of  the  suggestion  that  a  Research 
Committee  be  appointed,  engaged  in  an  informal  conference, 

A  second  meeting  was  called  for  Wednesday,  June  23,  1909,  to  be 
held  in  New  York.     There  were  in  attendance  the  President,  R,  H. 
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Rice,  James  Christie,  W.  F.  M.  Goss,  and  the  Secretary,  Calvin  W. 
Rice.  Dr.  Goss  was  chosen  Chairman.  The  Secretary  of  the  Society 
was  recognized  as  the  secretary  of  the  Committee.  The  minutes  of 
the  informal  meeting  which  was  held  in  May  were  read  for  the  in- 
formation of  the  members.  After  a  considerable  discussion  as  to  the 
scope  of  the  work  of  the  Committee,  it  was  agreed  that  the  Committee 
should  have  information  concerning  the  laboratories  of  the  various 
colleges,  and  other  public  institutions  in  America,  in  which  work  of 
engineering  research  is  proceeding,  and  to  this  end  the  Secretary 
was  directed  to  develop  a  process  which  would  result  in  the  establish- 
ment of  such  a  record  in  the  ofhce  of  the  Society. 

It  was  agreed  that  the  Committee  should  consider  the  question  of 
safety  valve  efficiency.  Arrangements  were  made  for  gathering  in 
existing  information  upon  this  general  subject,  and  steps  were  taken 
which  will,  it  is  believed,  result  in  a  satisfactory  outline  from  which 
actual  work  may  proceed.  Several  other  subjects  for  research,  re- 
ferred to  the  Committee  by  the  Council,  were  laid  on  the  table  for 
future  consideration. 

Respectfully  submitted 

W.  F.  M.  Goss,  Chairman 

James  Christie 

R.  C.  Carpenter  |^  Research 

Richard  H.  Rice  |       Committee 

Charles  B.  Dudley  J 


OTHER  SOCIETIES 

INTERNATIONAL     CONGRESS     OF     MINING,     METALLURGY,     APPLIED 
MECHANICS    AND    PRACTICAL    GEOLOGY 

An  inviation  has  been  extended  to  the  members  of  The  American 
Society  of  Mechanica]  Engineers  to  attend  the  International  Congress 
of  Mining,  Metallurgy,  Applied  Mechanics  and  Practical  Geology,  to 
be  convened  at  Diisseldorf,  June  20-23,  1910,  in  accordance  with 
the  request  of  the  Rhenish-Westphalian  Mining  Industry  made  to  the 
Congress  of  1905.  The  1910  Congress  will  be  divided  into  four  sec- 
tions, (1)  mining,  (2)  metallurgy,  (3)  applied  mechanics,  (4)  practical 
geology.  There  will  be  both  general  and  sectional  meetings,  visits 
to  scientific  institutions,  industrial  undertakings,  etc.,  and  excur- 
sions to  districts  of  geological  interest. 

The  provisional  program  includes  papers  on  the  Mechanical  Pre- 
paration of  Coal  and  Ore,  the  Recovery  of  By-Products,  Briquetting 
and  the  Utihzation  of  Low-Grade  Fuels;  the  Production  of  Pig  and 
Malleable  Iron;  the  History  of  Machine  Construction  for  Mining  and 
Metallurgical  Purposes;  Steam  Raising;  Central  Electric  Power 
Stations,  Fans  and  Air-Compressors;  Blowing  Engine  for  Blast-Fur- 
naces  and  Steel  Works;  Methods  of  Driving  Rolling  Mills;  RolHng 
Mills  and  Accessories;  Conveyors  for  Mining  and  SmeltingWorks ; 'and 
the  Utilization  of  Natural  Sources  of  Water  Power. 

AMERICAN    SOCIETY   OP    CIVIL    ENGINEERS 

At  the  regular  meeting  of  the  American  Society  of  Civil  Engineers 
on  November  3  at  the  clubhouse,  220  West  57th  Street,  New  York, 
two  papers  were  presented  for  discussion  as  follows:  The  Reinforced 
Concrete  Wharf  of  the  United  Fruit  Company  at  Bocas  del  Toro, 
Panama  by  T.  Howard  Barnes;  and  River  Protection  Work  on  the, 
Kansas  City  Southern  Railway  near  Braden,  Okla.,  by  J.  A.  Lahmer. 

On  November  17,  the  papers  discussed  were:  The  Outlet  Control 
of  Little  Bear  Valley  Reservoir,  by  F.  E.  Trask;  and  Water  Supply 
for  the  Lock  Canal  at  Panama,  by  Julio  F.  Sorzano,  Mem.Am.Soc. 
M.E. 
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AMERICAN   ASSOCIATION    OF   REFRIGERATION 

At  the  final  meeting  of  the  American  Committee  of  the  First  Inter- 
national Congress  of  Refrigerating  Industries^  held  in  the  Engineering 
Societies  Building,  29  West  39th  Street,  New  York,  on  May  20,  1909, 
a  permanent  national  association,  styled  the  American  Association 
of  Refrigeration,  was  formally  organized.  Since  the  International 
Congress  held  at  Paris  last  year  national  associations  have  been 
formed  in  Germany,  Austria,  France,  Russia,  The  Netherlands  and 
other  countries.  The  purpose  of  the  American  organization  is  the 
facilitation  of  international  intercourse  on  subjects  pertaining  to 
refngeration  and  the  securing  of  adequate  American  representation 
in  international  congresses,  as  well  as  the  study  and  investigation  of 
problems  in  refrigeration  important  to  the  industry  in  this  country. 

It  is  proposed  to  hold  the  Second  International  Congress  of  Refriger- 
ation in  Vienna,  in  September  1910,  the  reports  of  which  will  be 
published  in  English.  Among  the  questions  to  be  considered  are 
various  phases  of  inciustrial  refrigeration,  the  application  of  refrigera- 
tion in  the  food  and  other  industries,  and  transportation,  low  tem- 
peratures in  physical,  chemical  and  biological  work,  liquified  gases, 
and  the  hygiene  of  refrigeration.  A  tentative  program  has  been 
issued  and  can  be  obtained  from  the  secretary  of  the  American 
Association  of  Refrigeration. 

It  is  possible  that  the  Third  International  Congress  of  Refrigera- 
tion may  be  held  in  the  United  States. 

WESTERN    SOCIETY    OF    ENGINEERS 

The  Western  Society  of  Engineers  is  now  taking  steps  toward  the 
organization  of  a  Bridge  and  Structural  Section,  which,  it  is  hoped, 
will  be  in  operation  in  December. 

The  meetings  of  the  Electrical  Section  are  held  jointly  with  those 
of  the  American  Institute  of  Electrical  Engineers,  Chicago  branch. 
At  the  first  meeting,  October  22,  W.  L.  Abbott,  Mem.Am.Soc.M.E., 
presented  a  paper  on  Central  Station  Economies.  At  the  meeting 
of  November  16,  Dr.  C.  P.  Steinmetz,  Mem.Am.Soc.M.E.,  will  address 
the  meeting. 

Among  the  papers  yet  to  be  presented  during  the  winter  are:  The 
Panama  Railroad  and  its  Relation  to  the  Panama  Canal,  by  Ralph 
Budd;  Progress  of  the  Coal  Mine  Investigations  by  thelJ.  S.  Geological 
Survey,  by  G.  S.  Rice;  River  and  Harbor  Improvements  at  Chicago 
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and  the  Calumet,  by  Thomas  H.  Rees;  Compressed  Air  in  Conti'act 
Work,  by  M.  W.  Priseler;  Reinforced  Concrete  Trestles,  by  C.  H. 
Cartlidge;  The  Kilbourne  Plant  of  the  Southern  Wisconsin  Power 
Company,  by  U.  W.  Mead,  Mem.Am.Soc.M.E. 

CHICAGO    ASSOCIATION    OF    COMMERCE 

An  engineering  committee  on  electrification  of  railway  terminals, 
appointed  by  the  Chicago  Association  of  Commerce,  is  composed  of 
the  following  members:  John  M.  Ewen,  Chainncm,  Mem.Am.Soc.M.E. ; 
W.  L.  Abbott,  Mem.Am.Soc.M.E.  ;  B.  J.  Arnold;  Paul  P.  Bird,  Mem. 
Am.Soc.M.E.:  Prof.  W.F.M.  Goss,  Mem.Am.Soc.M.E.,  and  Prof.  C.  E. 
Merriam. 


PERSONALS  OF  THE  MEMBERSHIP,  AM.  SOC.  M.  E. 

Edwin  E.  Arnold,  formerly  associated  with  Farrar  &  Trefts,  Buffalo,  N.  Y., 
has  become  identified  with  the  Metal  Products  Co.,  Detroit,  Mich. 

Henry  L.  Barton  has  become  associated  with  the  Metal  Products  Co.,  Detroit, 
Mich.,  as  vice-president.  He  was  formerly  manager  of  works  of  the  Westing- 
house  Machine  Co.,  E.  Pittsburgh,  Pa. 

Harry  Z.  Bixler  has  become  connected  with  Worth  Bros.  Company,  Coatesville, 
Pa.,  as  assistant  engineer  of  the  blast  furnace  department.        ^ 

An  article  on  The  Advantages  to  Electric  Companies  of  Central  Station  Steam 
Heating,  by  Chas.  R.  Bishop,  was  published  in  the  October  issue  of  The  Electrical 
Age.  This  paper  was  read  before  the  New  England  Branch  of  the  National 
Electric  Light  Association,  September  9-10,  1909. 

W.  H.  Bradley  has  been  elected  president  of  the  American  Gas  Institute. 

Geo.  L.  Crook,  formerly  manager  of-  the  gas  engine  department  of  the  Atlas 
Engine  Works,  Indianapolis,  Ind.,  has  assumed  the  position  of  factory  manager 
of  Plant  No.  3  of  the  E-M-F  Company,  Detroit,  Mich. 

Alfred  E.  Forstall  presented  a  paper  on  Shding-Scale  Regulation  of  Prices  and 
Dividends  at  the  October  20-21  convention  of  the  American  Gas  Institute. 

David  Gaehr  contributed  a  paper  on  Notes  on  Coal  and  Ash  Handling  Equip- 
ment at  the  November  19-20  meeting  of  the  Ohio  Society  of  Mechanical,  Electri- 
cal and  Steam  Engineers. 

Walter  S.  Hanson  is  president  of  the  El  Reno  Alfalfa  Milling  Co.,  El  Reno, 
Okla.,  a  new  company  organized  to  build  a  mill  and  engage  in  the  manufacture 
of  alfalfa  mixed  feeds. 

E.  A.  Hitchcock  presented  a  paper  on  The  New  Laboratory  of  the  Department 
of  Mechanical  Engineering  at  the  Ohio  State  University,  at  the  November  19-20 
meeting  of  the  Ohio  Society  of  Mechanical,  Electrical  and  Steam  Engineers. 

Edward  C.  Jones  contributed  a  paper  on  The  Development  of  Oil  Gas  in  Cali- 
fornia at  the  October  20-21  convention  of  the  American  Gas  Institute. 

C.  J.  Kryzanowsky  has  become  associated  with  the  Rehance  Motor  Truck  Co., 
Owosso,  Mich.,  as  chief  engineer.  He  was  until  recently  manager  of  the  gas 
engine  and  producer  department  of  the  Olds  Gas  Power  Co.,  Lansing,  Mich. 

H.  G.  Miller  has  accepted  a  position  as  mechanical  engineer  of  the  Rubber 
Regenerating  Co.,  Mishawaka,  Ind.  Mr.  Miller  was  formerly  associated  with  the 
S.  P.  Pond  Company,  Keokuk,  la.,  the  Clarinda  Poultry,  Butter  and  Egg  Co., 
Clarinda,  la.,  and  the  Iowa  Cold  Storage  Co.,  Clinton,  la. 
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William  Newell  has  prepai'ed  a  pamphlet  on  The  Prevention  of  Industrial  Acci- 
dents, in  collaboration  with  Frank  E.  Law. 

H.  F.  J.  Porter  has  given  the  first  of  his  lectures  in  the  graduate  school  of  busi- 
ness administration  of  Harvard  University.  He  is  also  a  contributor  in  the  cor- 
respondence course  of  instruction  in  the  Hamilton  Institute  of  Business  recently 
estabHshed  in  this  city  by  members  of  the  Faculties  of  the  New  York  University, 
the  University  of  Wisconsin,  the  University  of  Philadelphia,  etc. 

Edwin  C.  Sornborger  has  become  identified  with  the  Allis-Chalmers  Co.  of  Mil- 
waukee, Wis.,  in  the  capacity  of  sales  engineer  in  its  pumping  engine  and  hydrau- 
lic turbine  department.  Lieutenant  Sornborger  was  formerly  traveling  engineer 
of  the  Snow  Steam  Pump  Works,  Buffalo,  N.  Y. 

In  the  October  issue  of  the  Proceedings  of  the  American  Society  of  Civil  Engi- 
neers is  an  article  on  Water  Supply  for  the  Lock  Canal  at  Panama  by  Julio  F . 
Sorzano.     This  paper  was  presented  at  the  November  17  meeting  of  that  Society. 

Theodore  Stebbins,  formerly  associated  with  the  Texas  Traction  Company, 
and  American  Railway  and  Lighting  Co.,  Dallas,  Tex.,  has  become  a  member 
of  the  firm  of  Herrick  &  Stebbins,  with  offices  in  New  York. 

C.  P.  Steinmetz  gave  a  lecture  on  November  16,  before  a  joint  meeting  of  the 
Chicago  Section  of  the  American  Institute  of  Electrical  Engineers  and  the  Electri- 
cal Section  of  the  Western  Society  of  Engineers,  the  subject  being,  The  Conser- 
vation of  Energy. 

J.  Stewart  Thomson,  formerly  vice-president  and  treasurer  of  the  New  York 
Safety  Steam  Power  Co.,  has  associated  himself  with  the  Harrison  Engineering 
Co.,  to  develop  the  Harrison  air-tube  system  of  heating  and  ventilating,  with 
offices  in  New  York. 

T.  Kennard  Thomson  gave  an  informal  hbrary  talk,  illustrated  with  lantern 
slides,  on  Pneumatic  Foundations,  before  the  Brooklyn  Engineers'  Club  on  Nov- 
ember 18. 


TESTING   SUCTION  GAS  PRODUCERS  WITH  A 
KOERTING  EJECTOR 

By  C.  M.  Garland,  Urbana,  III. 
Member  of  the  Society 

A.  P.  Kratz/  Urbana,  III. 
Non-Member 

The  method  of  testing  the  suction  gas  producer  herein  described, 
and  the  forms  for  computation  given  in  the  Appendix  to  the  paper, 
have  been  used  by  the  writers  to  advantage  in  their  gas-producer 
tests  in  the  mechanical  engineering  laboratory  of  the  University  of 
Illinois.  The  method  of  testing  has  reduced  the  labor  of  rumiing 
such  tests  to  a  minimum,  and  the  forms  for  computation  have  greatly 
reduced  the  labor  and  tedium  of  the  calculations. 

2  The  tests  were  made  on  an  Otto  suction  gas  producer  rated  at 
60  h.p.  and  8000  cu.  ft.  of  gas  per  hour.  The  plant  as  originally  in- 
stalled consisted  of  the  producer  A  (Fig.  1),  the  wet  scrubber  B,  the 
gas  receiver  C,  and  a  22-h.p.  engine.  In  order  to  facilitate  the  test- 
ing of  the  plant  the  connection  to  the  22-h.p.  engine  was  blanked 
and  a  Schutte-Koerting  steam  ejector  of  12,000  cu.  ft.  hourly  capacity 
was  placed  in  the  gas  main  at  F.  This  ejector  was  used  to  draw  the 
gases  from  the  producer  and  deliver  them  to  the  wet  scrubber  G,  where 
the  steam  used  by  the  ejector  was  condensed. 

3  The  condensed  steam  and  condensing  water  passed  out  at  the 
overflow,  M,  while  the  gases  passed  out  through  the  separator  A^  and 
into  the  dryer  H,  constructed  from  a  gas  bell,  or  holder,  and  filled 
with  straw,  and  used  to  separate  the  suspended  moisture  from  the 
gases  before  they  entered  the  meters  /  and  J.  The  meters  were  of 
8000  and  3500  cu.  ft.  hourly  capacity  respectively,  and  were  connected 
in  parallel  for  capacities  greater  than  8000  cu.  ft.  per  hour,  the  larger 
meter  alone  being  used  for  lower  capacities.      From  the  meters  the 

^Assistant,  Mechanical  Engineering  Laboratory,  Univ.  of  111. 
All  papers  are  subject  to  revision. 
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gases  were  discharged  into  the  atmosphere  above  the  roof  of  the  lab- 
oratory. 

4  A  gage  box  L  was  adapted  to  receive  thin  plates  with  orifices, 
and  was  used  in  calibrating  the  meters,  by  m.eans  of  air.  The  meters 
having  been  blanked  from  the  gas  main,  compressed  air  was  admitted 
at  K,  and  expanding  passed  through  the  meter  to  be  calibrated  and 
out  at  the  orifice  in  L.  The  data  for  the  orifice  was  taken  from  the 
paper  by  R.  J.  Durley,  in  Vol.  27,  1906,  of  the  Transactions.  After 
the  calibration,  the  inlet  to  the  box  was  blanked. 

5  The  producer  is  of  the  contained  vaporizer  type,  with  grate  and 
without  charging  bell,  the  specifications  stating  that  it  is  only  to  be 
used  twelve  hours  at  a  time.  During  some  of  the  earlier  tests  the 
cast-iron  vaporizer  was  cracked.     A  steam  jet  was  then  used  to  sup- 

TABLE  1  TEMPERATURES  IN  FUEL  BED 


Time 

Zone   No. 

Temp.  3  in. 

From  Near 

Wall  F° 

Temp,    at 
Center,  F* 

Temp.  3  in. 
From  Far 
Wall    F" 

10:05-10:10  a.m. 

10:25-10:30 

10:43-10:55 

1 
2 
3 

2100 
2350 

2037 
2225 
2200 

2025 
2275 
2400 

ply  the  moisture,  and  the  vaporizer  was  blanked  off.  The  weight 
of  steam  was  measured  by  passing  the  jet  through  a  calibrated  ori- 
fice in  a  thin  plate. 

6  The  test  was  started  with  the  producer  full  and  with  a  clean 
fuel  bed.  The  coal  fired  during  the  test  was  weighed  and  at  the  end 
of  the  test  the  fire  was  cleaned,  the  fuel  bed  being  brought  to  as  near 
the  starting  condition  as  possible,  and  the  producer  filled.  In  order 
that  the  error  in  determining  the  weight  of  coal  fired  in  this  manner 
might  be  known,  the  producer  when  cold  was  filled  a^number  of  times, 
and  the  weight  of  coal  required  was  noted.  The  average  of  these 
weights  was  taken  to  be  the  true  weight  of  coal  required  to  fill  the 
producer,  the  probable  error  infilling  with  a  given  weight  of  coal  being 
estimated  from  these  results.  In  running  it  was  endeavored  to  make 
the  tests  of  such  duration  as  to  bring  the  probable'error  of  filling  down 
to  about  two  or  three  per  cent. 

7  The  temperature  of  the  gas  leaving  the  producer  was  taken  at 
0  by  means  of  a  platinum-rhodium  thermo-couple  and  a  Siemens  & 
Halske  milivoltmeter,  calibrated  to  read  direct  in  degrees  centigrade. 
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The  temperatures  in  the  fuel  bed  were  taken  with  Hoskins  thermo- 
couples and  galvanometer,  the  latter  reading  in  degrees  fahr.  Other 
temperatures  were  taken  with  mercury  thermometers. 

8  The  temperatures  in  the  fuel  bed  were  taken  in  three  horizon- 
tal zones  10  in.,  18  in.,  and  24  in.,  respectively,  above  the  grate.  In 
each  zone  readings  were  taken  3  in.  from  the  lining  on  each  side,  and 
in  the  center  of  the  fuel  bed.     The  results  are  given  in  Table  1. 

9  By  means  of  the  sampling  tube  illustrated  in  Fig.  2,  samples 
of  gas  were  taken  continuously  for  test  by  a  Junkers  calorimeter  and  for 


Fig.  2     Sampling  Tube  for  Taking  Samples  of  Gas  Continuously 


analysis,  by  Hempel  apparatus.     The  results  of   the   analyses  are 
given  in  Table  2. 

10  As  already  stated,  the  weight  of  steam  fed  to  the  producer  was 
determined  by  the  use  of  a  calibrated  orifice.  By  means  of  a  small 
laboratory  aspirator,  a  sample  of  the  gas  leaving  the  producer  was 
drawn  successively  through  a  calcium  chloride  tube  and  a  small 
gas  meter,  the  weight  of  moisture  being  determined  by  the  calcium 
chloride  tube  and  the  volume  b}^  the  meter.  The  per  cent  of  moisture 
determined  by  this  method  was  used  merely  as  a  check,  the  percent- 
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age  used  in  the  computations  being  obtained  by  calculating  the 
weight  of  water  decomposed  from  the  analysis  of  the  gases  and  the 
analysis  of  the  fuel.  The  difference  between  this  quantity  and  the 
total  weight  of  moisture  carried  into  the  producer,  gives  the  weight 
of  the  moisture  in  the  gas  leaving  the  producer. 

11  The  volume  of  gas  generated  by  the  producer,  and  measured 
by  the  meters,  was  also  checked  by  computing  the  volume  of  the  gas 
generated  from  the  analyses  of  gas  and  coal.  In  the  anthracite  pro- 
ducer, where  the  loss  of  carbon  in  soot  and  tar  is  small,  probably  not 
over  1  per  cent,  this  offers  an  excellent  means  of  checking  the  gas 
volume,  and  also  of  computing  the  weight  of  air  used.  The  gas  analy- 
sis, where  continuous  samples  are  taken  by  the  form  of  sampling  tube 
illustrated,  should  be  accurate  within  1  per  cent.  The  greatest  error 
is  likely  to  be  made  in  the  sampling  of  the  coal.     With  a  fine  coal, 

TABLE  2  GAS  ANAYLSIS  BY  VOLUME 


Per 

Per 

Per 

Per 

Per 

Per 

No. 

Time                • 

Cent 

Cent 

Cent 

Cent 

Cent 

Cent 

B.T.U. 

CO2 

O2 

CO 

CH4 

H3 

N2 

1 

6:23-  9:05  a.m. 

5.7 

0.5 

22.9 

2.1 

12.2 

56.6 

134 

2 

9:10-10:37 

4.1 

0.2 

27.9 

1.6 

11.1 

55.1 

142 

3 

10:39-12:25  p.m. 

3.3 

0.1 

28.4 

1.5 

9.5 

57.2 

137 

4 

12:30-  2:52 

4.3 

0.2 

26.9 

1.8 

10.6 

56.2 

139 

5 

3:00-  4:35 

3.6 

0.1 

28.6 

1.8 

9.0 

56.9 

139 

6 

4:40-  6:05 

4.1 

0.3 

27.4 

1.8 

10.0 

56.4 

138 

Average 

4.20 

0.23 

27.01 

1.77 

10.40 

56.40 

138.1 

such  as  pea  or  buckwheat,  and  a  sample  representing  from  10  to  20 
per  cent  of  the  total  weight  of  coal  fired,  the  error  in  sampling  should 
not  exceed  2  per  cent.  The  maximum  error  in  determining  the  gas 
volume  and  the  weight  of  air  used  should  not  exceed  5  per  cent,  if 
the  error  in  filling  the  producer  is  2  per  cent.  The  probable  error  is 
therefore  much  less.  In  most  of  the  tests,  the  volume  of  gas  com- 
puted from  analj'sis  has  checked  within  5  per  cent  the  volume  deter- 
mined by  the  meters.  The  meters  are  known  to  be  accurate  well  with- 
in 2  per  cent. 

12  In  the  testing  of  large  producers  of  the  bituminous  type,  it  is 
often  difficult  to  measure  the  gas  volume  by  any  mechanical  means. 
In  such  cases,  if  the  carbon  lost  in  the  soot  and  tar  is  estimated  from 
a  sample  of  the  soot  and  tar,  and  this  amount  deducted  from  the  total 
weight  of  carbon  in  the  coal,  the  volume  may  then  be  computed  from 
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the  analyses  of  the  gas  and  coal,  and  may  be  relied  upon  within  5  per 
cent,  provided  the  sampling  is  accurate. 

13  In  order  to  facilitate  computations,  we  have  prepared  three 
separate  forms,  or  rather  two  forms  and  a  guide  sheet.  Form  1  is 
used  only  for  the  presentation  of  the  results  of  the  tests.  Form  2 
contains  all  items  used  in  the  computations,  while  Form  3  is  the  guide 
sheet  containing  all  of  the  formulae  and  their  derivation.  The  items 
of  Form  3  are  arranged  in  the  order  of  computation.  In  following 
out  this  method,  the  average  corrected  quantities  are  taken  from  the 
original  data. sheets  and  placed  on  Form  2.  The  computations  are 
then  made  by  following  Form  3.  After  Form  2  is  completed,  the 
results  are  transferred  to  Form  1. 

14  Referring  to  Form  1,  Item  46,  it  will  be  noted  that  the  total 
ash  and  refuse  is  much  less  than  the  weight  of  ash  alone  that  would 
be  obtained  by  computing  from  the  analysis.  This  is  due  to  the  diffi- 
cult}^ in  cleaning  the  ash  out  of  the  fuel  bed,  and  partly  to  the  loss 
of  ash  in  the  form  of  dust,  which  is  carried  over  into  the  scrubber. 
In  this  particular  coal,  which  had  very  little  tendency  to  clinker,  the 
ash  was  soft  and  fine  so  that  it  packed  in  and  filled  the  interstices 
between  the  live  coals.  A  small  amount  of  clinker  was  formed  on  the 
sides. 

15  This  tendency  of  the  ash  to  pack  in  the  fuel  bed,  while  it  pre- 
vents the  accurate  determination  of  the  actual  weight  of  ash,  does 
not,  it  is  believed,  materially  affect  the  determination  of  the  weight  of 
coal  as  fired,  for  the  reason  just  given;  that  is,  while  the  fuel  bed  may 
contain  as  much  carbon  at  the  start  as  at  the  close,  the  bed  is  much 
more  compact  due  to  the  ash.  The  weight  of  ash  and  refuse  is  valu- 
able principally  for  the  determination  of  the  unburned  carbon  lost 
through  the  grate. 

16  Item  66,  dry  coal  per  sq.  ft.  of  grate  area  per  hour,  is  high; 
while  the  producer  was  operating  only  at  about  4800  cu.  ft.  per  hour 
capacity,  this  was  considerably  above  its  actual  capacity.  If  the 
fuel  had  contained  a  fusible  ash  the  results  as  shown  on  Form  1  and 
the  graphical  log  Fig.  3  would  have  been  practically  impossible. 

17  The  heat  balance,  Form  1,  shows  the  unaccounted-for  loss  to 
be  4.4  per  cent.  This  includes  radiation  and  conduction,  which  for 
this  test  probably  amounts  to  between  2  and  3  per  cent.  By  refer- 
ring to  Form  2,  Item  126,  it  will  be  seen  that  the  volume  of  standard 
gas,  computed  from  the  analysis  of  the  gas  and  the  analysis  of  the  coal, 
checks  withiri  about  2.3  per  cent  of  the  volume  of  standard  gas  as 
given  by  the  meters,  Item  125. 
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18  The  graphical  log  sheet  Fig.  3  illustrates  the  uniformity  of 
conditions  that  were  maintained  throughout  the  test. 

19  Permission  for  running  the  producer  tests  was  obtained  through 
Prof.  L.  P.  Breckenridge,  the  results  being  presented  through  the 
courtesy  of  Dean  W.  F.  M.  Goss,  of  the  University  of  Illinois. 


APPENDIX 

FORM  1      RESULTS  OF  GAS  PRODUCER  TRIALS 

1  Test  number 25 

2  Made  by CM.  Garland  and  A.  P.  Kratz 

3  At The  University  of  Illinois 

4  Kind  of  producer Otto 

5  To  determine Efficiency 

6  Principal  conditions  governing  trial Uniform  load 

7  Kind  of  fuel Scranton-Anthracite 

8  Kind  of  grate Plain 

9  Method  of  starting  and  stopping  test Alternate 

10  Type  of  producer Suction 

11  Form  of  blower-ejector Schutte  &  Koerting 

12  Date  of  trial 5-29-1909 

13  Duration  of  trial 12  hr. 

DIMENSIONS    AND    PROPORTIONS 

14  Dimensions  of  grate,  ft 1 .  25  by  1 .  33 

15  Grate  area,  sq.  ft I.fi66 

16  Mean  diameter  of  fuel  bed,  ft 1 .  545 

17  Depth  of  fuel  bed,  ft 2.21 

18  Area  of  fuel  bed,  sq.  ft 1 .  877 

19  Height  of  discharge  pipe  above  grate,  ft 2 .  875 

20  Approximate  width  of  air  spaces  in  grate,  inches 0.5 

21  Area  of  air  space,  sq.  ft 0 .  722 

22  Proportion  of  air  space  to  whole  grate  area,  per  cent 43 . 3 

23  Area  of  discharge  pipe,  sq.  ft 0 .  165 

24  Water  heating  surface  in  vaporizer,  sq.  ft 

25  Outside  diameter  of  shell,  ft 2.833 

26  Length  of  shell  from  base  to  top  of  magazine,  ft 7 .  125 

27  Ratio  of  water  heating  surface  to  grate  area,  —  to  1 

28  Ratio  of  minimum  draft  area  to  grate  area,  1  to 48 . 8 

AVERAGE    PRESSURES 

29  Draft  in  ashpit,  inches,  water 0.61 

30  Suction  at  producer  outlet,  inches,  water 2 .  04 

31  Pressure  at  meters,  inches,  water. .  . ; 3 .  76 

32  Corrected  barometer  reading 29 .  15 

32.1  Steam  pressure,  lb.  per  sq.  in.  gage 90. 5 
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AVERAGE    TEMPERATURES 

33  Of  fire  room,  deg.  fahr 82.2 

34  Of  steam  leaving  vaporizer,  deg.  fahr 212 

35  Of  feed  water  entering  vaporizer,  deg.  fahr 

36  Of  overflow  from  vaporizer,  deg.  fahr 212 

37  Of  water  entering  scrubber,  deg.  fahr 57 . 8 

38  Of  water  leaving  scrubber,  deg.  fahr 103 . 6 

39  Of  gases  leaving  producer,  deg.  fahr 1108 

40  Of  gases  leaving  scrubber,  deg.  fahr 84 . 3 

41  Of  gases  entering  meter,  deg.  fahr 68 . 0 

FUEL 

42  Size  and  condition Pea-Clean 

43  Weight  of  coal  as  fired,  lb 798.5 

44  Percentage  of  moisture  in  coal 2 .  75 

45  Total  weight  of  dry  coal  fired,  lb 776 . 5 

46  Total  ash  and  refuse,  lb 85 .0 

47  Quality  of  ash  and  refuse 

48  Total  combustible  consumed,  lb 614 

49  Percentage  of  ash  and  refuse  in  dry  coal 10.9 

PROXIMATE    ANALYSIS    OF    COAL 

50  Fixed  carbon 78.45 

51  Volatile  matter 5.99 

52  Moisture 2.75 

53  Ash 12.81 

54  Sulphur,  separately  determined 1 .  10 

ULTIMATE    ANALYSIS    OF    DRY    COAL 

55  Carbon,  C 79.84 

56  Hydrogen,  Ho 2.67 

57  Oxygen,  O2 2.37 

58  Nitrogen,  N2 , 0.82 

59  Sulphur,  S 1.13 

60  Ash 13.17 

61  Moisture  in  sample  of  coal  as  received 2 .  75 

ANALYSIS  OF  DRY  COAL  AND  REFUSE 

62  Carbon,  per  cent 38 .  80 

63  Earthy  matter,  per  cent 61 .  20 

a    SiO 

./AlA 

\FeA 

c    MgO 

d    CaO 
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FUEL    PER    HOUR 

64  Dry  coal  fired  per  hr.  lb 64 . 7 

65  Combustible  consumed  per  hour,  lb 51 . 2 

66  Dry  coal  per  sq.  ft.  of  grate  area  per  hr.  lb 38 . 8 

67  Combustible  per  sq.  ft.  of  grate  area  per  hr.  lb 30 . 7 

68  Dry  coal  per  sq.  ft.  of  fuel  bed  per  hr.  lb 34.5 

69  Combustible  per  sq.  ft.  of  fuel  bed  per  hr.  lb 27 . 3 

70  Rate  of  descent  of  dry  coal  through  fuel  bed,  lb.  per  ft.  per  sq. 

ft.  per  hr 15.6 

71  Rate  of  descent  of  combustible  through  fuel  bed,  lb.  per  ft. 

persq.  ft.  perhr 12.4 

CALORIFIC    VALUE    OF    FUEL 

72  Calorific  value  by  oxygen  calorimeter  per  lb.  dry  coal,  B.t.u. .  13040 

73  Calorific  value  by  oxygen  calorimeter  per  lb.  of  combustible 

B.t.u 15700 

74  Calorific  value  by  analysis  per  lb.  dry  coal,  B.t.u 13125 

75  Calorific  value  by  analysis  per  lb.  of  combustible,  B.t.u 15800 

WATER 

76  Total'  weight  of  water  fed  to  vaporizer,  lb 267 . 8 

77  Total  weight  of  overflow  from  vaporizer,  lb 0.0 

78  Water'  actually  evaporated  in  vaporizer,  lb 267 . 8 

79  Total  weight  of  water  fed  to  producer,  lb 341 . 5 

a    From  vaporizer' 267 . 8 

b     In  air 51 . 7 

c     In  coal 22.0 

80  Total  weight  of  water  decomposed 218 . 2 

81  Total  weight  of  water  in  gas  leaving  producer,  lb 123 . 3 

82  Ratio  of  water  decomposed  to  water  supplied 0 .  639 

83  Weight  of  water  decomposed  per  lb.  gas  generated,  lb 0 .  0558 

84  Weight  of  water  decomposed  per  lb.  of  dry  coal  fired,  lb 0 .  281 

85  Weight  of  water  decomposed  per  lb.  of  combustible  consumed, 

lb 0 .  355 

86  Weight  of  water  decomposed  per  lb.  of  air  supphed,  lb 0 .  0702 

87  Weight  of  water  supphed  per  lb.  of  dry  coal  fired,  lb 0 .  440 

88  Weight  of  water  supphed  per  lb.  of  combustible  consumed,  lb.  0 .  556 

89  Weight  of  water  supphed  per  lb.  of  dry  air  used,  lb 0 .  1097 

90  Totalweightof  scrubber  water,  lb 22200 

WATER    PER    HOUR 

91  Water  evaporated  per  hr.  in  vaporizer,  lb 

92  Water  evaporated  per  hr.  per  sq.  ft.  of  water  heating  surface 

in  vaporizer,  lb 

93  Weight  of  water  decomposed  per  hr.,  lb 18.2 


'  Steam  fed  to  vaporizer 
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94  Total  weight  of  water  fed  to  producer  per  hr.,  lb 28 . 5 

95  Weight  of  scrubber  water  used  per  hr.,  lb 1850 . 0 

QUANTITY    OF    AIR 

96  Per  cent  of  moisture  in  air,  per  cent  of  dry  air 1 .  66 

97  Total  weight  of  dry  air,  lb 3112. 

98  Total  weight  of  dry  air  per  hr.  lb 259.2 

99  Weight  of  dry  air  used  per  lb.  of  dry  coal  fired,  lb 4 .  01 

100  Weight  of  dry  air  used  per  lb.  of  combustible  consumed,  lb . .  5 .  07 

101  Weight  of  dry  air  used  per  lb.  of  dry  gas  generated,  lb 0 .  796 

GAS 

102  Per  cent  moisture  in  gas  leaving  producer,  per  cent  of  dry  gas  3.15 

103  Per  cent  of  soot  and  tar  in  gas  leaving  producer 

104  Calorific  value  of  standard  gas  from  analysis  (high  value) 

B.t.u.  per  cu.  ft 138 . 1 

105  Calorific  value  of  standard  gas  from  calorimeter,  (high  value) 

B.t.u.  per  cu.  ft 137 . 3 

106  Specific  weight  of  standard  gas,  lb.  per  cu.  ft 0.0680 

107  Specific  heat  of  dry  gas  leaving  producer 0 .  3281 

108  Carbon  ratio  C/H 14.07 

109  Total  volume  standard  gas,  cu.  ft 57500. 

110  Volume  of  standard  gas  per  hr.  cu.  ft 4795. 

111  Volume  of  standard  gas  per  lb.  of  dry  coal 74 . 1 

112  Volume  of  standard  gas  per  lb.  of  combustible 93 . 7 

113  Total  weight  of  standard  gas,  lb 3912 

114  Weight  of  standard  gas  per  hr.,  lb 326 

115  Weight  of  standard  gas  per  lb.  of  dry  coal  fired,  lb 5 .  03 

116  Weight  of  standard  gas  per  lb.  of  combustible  consumed,  lb.  .  6 .  37 

GAS    ANALYSIS    BY    VOLUME 

117  Carbon  dioxide,  COg 4 .  20 

118  Carbon  monoxide,  CO 27.01 

119  Oxygen,  O^ 0.23 

120  Hydrogen,  H^ 10.40 

121  Marsh  gas,  CH, 1.77 

122  Olefiant  gas,  C„H, 

123  Sulphur  dioxide,  SOj 

124  Hydrogen  sulphide,  HgS 

125  Nitrogen,  N2,  by  difference 56. 40 

EFFICIENCY 

126  Grate  efficiency,  per  cent 95 . 3 

127  Hot  gas  efficiency,  based  on  high  heating  value,  per  cent 90 . 9 

128  Cold  gas  efficiency,  based  on  high  heating  value,  per  cent 78 . 3 
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EFFICIENCY  BASED  ON   COMBUSTIBLE 

128a   Hot  gas  efficiency,  based  on  high  heating  value 

1286   Cold  gas  efficiency,  based  on  high  heating  value 


COST  OF  GASIFICATION 

129  Cost  of  fuel  per  ton  delivered  in  producer  room . . . , 

130  Cost  per  1000  cu.  ft.  of  standard  gas,  cents 

131  Cu.  ft.  scrubber  water  per  1000  cu.  ft.  gas 


95.4 

82.2 


6.18 


POKING 

132  Method  of  poking From  top,  slicing  from  bottom 

133  Frequency  of  poking Three  times  during  run 

FIRING 

134  Method  of  firing Hand 

135  Average  intervals  between  firing Twice  during  run 

136  Average  amount  of  fuel  charged  each  time,  lb 

HEAT    BALANCE 

Debit  B.t.u. 

a  Totalheat  suppHed  per  lb.  dry  coal 13040 

b  Total  heat  supplied  by  air  per  lb.  dry  coal  19 

c  Total  heat  supplied  by  moisture  in  air 

per  lb.  dry  coal 

d  Total  heat  supplied  by  moisture  in  coal 

per  lb.  dry  coal . 

e  Total  heat   supplied   as   sensible  heat  in 

coal  per  lb.  dry  coal 

/  TotaP  heat  supplied  by  water  in  vaporizer 

per  lb.  dry  coal 385 


250 


Total 13444 

Credit  B.t.u.     Per  Cent 

a  Heat  contained  as  sensible  heat  in  dry 

gas 1725 

b  Heat  contained  in  moisture 262 

c  Heat   contained   in   dry  gas    (heat    of 

combustion) 10240 

d  Heat  in  unburned  carbon 618 

e  Heat  contained  in  ash   and   refuse   as 

sensible  heat 

/  Heat  lost  in  overflow  from  vaporizer 

g  Heat  lost  in  radiation  and  conduction  .  .  .  599 


12.8 
.  2.0 

76.2 
4.6 


4.4 


Total 13444 


100.0 


Supplied  in  steam. 
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FORM  No.  2      RESULTS  OF  GAS  PRODUCER  TRIALS 

NO.   OF  TEST  25.       DATE,  5/29/09.       TIME  OF  START  6.15  A.M. 

TIME  OF  STOP  6.15  P.M.       DURATION  OF  TRIAL,   12  HRS.       KIND  OF  FUEL 

SCR  ANTON- ANTHRACITE 

DIMENSIONS   AND  PROPORTIONS 

1  Dimensions  of  grate,  ft 1 .  25  by  1 .  33 

2  Grate  area,  sq.  ft 1 .  666 

3  Mean  diameter  of  fuel  bed,  ft 1 .  545 

4  Depth  of  fuel  bed,  ft 2.21 

5  Area  of  fuel  bed,  sq.  ft 1.877 

6  Height  of  discharge  pipe  above  grate,  ft 2 .  875 

7  Approximate  width  of  air  spaces  in  grate,  inches 0.5 

8  Area  of  air  space,  sq.  ft 0 .  722 

9  Ratio  of  air  space  to  whole  grate  area 1  to  2.3 

10  Area  of  discharge  pipe,  sq.  ft 0. 165 

11  Water  heating  surface  in  vaporizer,  sq.  ft 

12  Outside  diameter  of  shell,  ft 2.833 

13  Length  of  shell  from  base  to  top  of  magazine,  ft 7 .  125 

14  Ratio  of  water  heating  surface  to  grate  area  —  to  1 

15  Ratio  of  minimum  draft  area  to  grate  area 1  to     48.8 

AVERAGE  PRESSURES 

16  Average  barometer  reading,  inches  Hg 29.258 

17  Average  corrected  barometer  reading,  inches  Hg 29 .  152 

18  Draft  in  ash  pit,  inches  water 0.61 

19  Suction  at  producer  outlet,  inches  water 2 .  04 

20  Absolute  pressure  at  producer  outlet,  inches  Hg 29 .  00 

21  Suction'  at  orifice,  inches  water 90 . 5 

22  Absolute  pressure'  at  orifice,  inches  Hg." 104 . 8 

23  Pressure  at  meters,  inches  water 3 .  76 

24  Absolute  pressure  at  meters,  inches  Hg 29.43 

25  Vapor  pressure  at  meters,  inches  Hg 0 .  685 

26  Dry  gas  pressure  at  meters,  inches  Hg 28 .  75 

27  Suction  at  meter  for  dryer,  inches  water. .  .  . ' 2 .  04 

28  Absolute  pressure  at  meter  for  dryer,  inches  Hg 29 .  00 

AVERAGE  TEMPERATURES 

29  At  barometer,  deg.  fahr 78 . 0 

30  Of  fire  room,  deg.  fahr 82 . 2 

31  Of  fire  room,  deg.  absolute  fahr 542.2 

32  Of  steam,  deg.  fahr 212 

33  Of  feed  water  entering  vaporizer,  deg.  fahr 

34  Overflow  from  vaporizer,  deg.  fahr 212 

35  Rise  in  vaporizer,  deg.  fahr 

'Steam  pressure 
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36  Of  water  entering  scrubber,  deg.  fahr 57 . 8 

37  Of  water  leaving  scrubber,  deg.  fahr 103 . 6 

38  Rise  in  scrubber,  deg.  fahr 45.8 

39  Of  gases  leaving  producer,  deg.  fahr 1108 

40  Of  gases  leaving  producer,  deg.  abs.  fahr 1568 

41  Of  gases  leaving  first  scrubber,  deg.  fahr 84 . 3 

42  Of  gases  leaving  first  scrubber,  deg.  abs.  fahr 544 . 3 

43  Drop  in  temperature  of  gases  in  scrubber,  deg.  fahr 1023 . 7 

44  Of  gases  entering  meters,  deg.  fahr 68 . 0 

45  Of  gases  entering  meters,  deg.  abs.  fahr 528 

46  Of  gas  at  meter  at  dryer,  deg.  fahr 80 . 0 

47  Of  gas  at  meter  at  dryer,  deg.  abs.  fahr 540 

FUEL 

48  Size  and  condition Pea,  Clean 

49  Weight  of  coal  as  fired,  lb 798.5 

50  Percentage  of  moisture  in  coal ' 2 .  75 

51  Total  weight  of  dry  coal  fired,  lb 776 . 5 

52  Total  ash  and  refuse,  lb 85 . 0 

53  QuaHty  of  ash  and  refuse 

54  Total  weight  of  combustible,  lb 614 

55  Percentage  of  ash  and  refuse  in  dry  coal,  per  cent 10.9 

PROXIMATE   ANALYSIS  OF  COAL 

56  Fixed  carbon,  percent 78.45 

57  Volatile  matter,  per  cent 5 .  99 

58  Moisture,  per  cent 2 .  75 

59  Ash,  percent 12.81 

60  Sulphur,  separately  determined,  per  cent 1.10 

ULTIMATE   ANALYSIS  OF  DRY  COAL 

61  Carbon,  C,  per  cent 79 .  84 

62  Hydrogn,  Hj,  per  cent 2 .  67 

63  Oxygen,  Og,  per  cent 2 .  37 

64  Nitrogen,  Nj,  per  cent 0 .  82 

65  Sulphur,  S,  per  cent 1 .  13 

66  Ash,  per  cent 13 .  17 

67  Moisture  in  sample  of  coal  as  received,  per  cent 2 .  75 

ANALYSIS  OF  DRY  ASH  AND  REFUSE 

68  Carbon,  per  cent 38 .  80 

69  Earthy  matter,  per  cent 61 .  20 

a  -  SiOa 
J  AI.O3 
\FeA 
c    MgO 
d    CaO 
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FUEL  PER  HOUR 

70  Dry  coal  fired  per  hr.,  lb 64 . 7 

71  Combustible  consumed  per  hr.,  lb 51 .2 

72  Dry  coal  sq.  ft.  of  grate  area  per  hr.,  lb 38 .  S 

73  Combustible  per  sq.  ft.  of  grate  area  per  hr.,  lb 30 . 7 

74  Dry  coal  per  sq.  ft.  of  fuel  bed  per  hr.,  lb 34 . 5 

75  Combustible  per  sq.  ft.  of  fuel  bed  per  hr.,  lb 27 . 3 

76  Rate  of  descent  of  dry  coal  through  fuel  bed,  lb.  per  ft.  per  sq. 

ft.  perhr 15.6 

77  Rate  of  descent  of  combustible  through  fuel  bed,  lb.  per  ft,  per 

sq.  ft.  per  hr 12.4 

CALORIFIC  VALUE  OF   FUEL 

78  Calorific  value  by  oxygen  calorimeter  per  lb.  dry  coal,  B.t.u. .  13040 

79  Calorific  value  by  oxygen  calorimeter  per  lb.  combustible, 

B.t.u 15700 

80  Calorific  value  by  analysis,  per  lb.  dry  coal,  B.t.u 13125 

81  Calorific  value  by  analysis,  per  lb.  combustible,  B.t.u 15800 

WATER 

82  TotaP  weight  fed  to  vaporizer,  lb 267 . 8 

83  Total  weight  of  overflow,  lb 0.0 

84  Water'  actually  evaporated  in  vaporizer,  b 267  ..8 

85  Weight  of  water  fed  to  producer, 

a  From  vaporizer' 267 . 8 

6  In  air 51.7 

c  In  coal 22.0 

Total 341.5 

86  Total  weight  of  water  decomposed  from  analysis,  lb 218.2 

87  Total  weight  of  water  decomposed  as  used  in  calculations,  11). .  218 . 2 

88  Total  weight  of  moisture  in  gas  leaving  producer,  lb 123.3 

89  Ratio  of  water  decomposed  to  water  supplied  .• 0 .  639 

90  Weight  of  water  decomposed  per  lb.  of  gas  generated,  lb 0 .  0558 

91  Weight  of  water  decomposed  per  lb.  of  dry  coal  fired,  lb 0 .  2S1 

92  Weight  of  water  decomposed  per  lb .  of  combustible  consumed , 

lb 0.355 

93  Weight  of  water  decomposed  per  lb.  of  air  supplied 0 .  0702 

94  Weight  of  water  supplied  per  lb.  of  dry  coal  fired,  lb 0 .  440 

95  Weight  of  water  supplied  per  lb.  of  combustible  consumed,  \h. .  0 .  556 

96  Weight  of  water  supplied  per  lb.  of  air  used,  lb 0 .  1097 

97  Total  weight  of  scrubber  water,  lb 22200 . 

98  Total  weight  of  water  absorbed  by  dryer 15 . 

'  Steam  fed  to  vaporiser. 
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WATER  PER  HOUR 

99     Water  evaporated  per  hr.  in  vaporizer,  lb 

100  Water  evaporated  per  hr.  per  sq.  ft.  of  water  heating  surface 

in  vaporizer,  lb 

101  Weight  of  water  decomposed  per  hr.,  lb 18 . 2 

102  Total  weight  of  water  fed  to  producer  per  hr.,  lb 28 . 5 

103  Weight  of  scrubber  water  used  per  hr.  lb 1850 

QUANTITY   OF   AIR 

104  Relative  humidity  of  air,  per  cent 73 . 

105  Per  cent  of  moisture  contained  in  air,  per  cent  by  weight  of 

dry  air 1 .  66 

106  Total  weight  of  dry  air  by  analysis,  lb 3112 

107  Total  weight  of  dry  air  by  orifice,  lb 

108  Total  weight  of  dry  air  as  used  in  calculations,  lb 3112 

109  Weight  of  dry  air  per  hr.  from  total  used  in  calculations 259 . 2 

110  Weight  of  dry  air  used  per  lb.  of  dry  coal  fired,  lb 4 .  01 

111  Weight  of  dry  air  used  per  lb.  of  comlsustible  consumed ,  lb. . .  .  5 .  07 

112  Weight  of  dry  air  used  per  lb.  of  dry  gas  generated,  lb 0 .  796 

GAS 

113  Volume  of  gas  passing  tlirough  meter  at  dryer,  cu.  ft 31 .  06 

1 14  Volume  of  standard  gas  passing  through  meter  at  dryer,  cu.  ft.  28 . 0 

115  Total  weight  of  gas  passing  through  dryer  meter,  lb 1.9 

116  Percentage  of  moisture  in  gas  leaving  producer,  from  dryer, 

per  cent  dry  gas 1 .  74 

117  Percentage  of  moisture  in  gas  leaving  producer,  from  water  fed 

to  producer,  per  cent  dry  gas 3.15 

118  Percentage  soot  and  tar  in  gas  leaving  producer,  per  cent 

119  Calorific  value  per  cu.  ft.  of  standard  gas  from  analysis  B.t.u. 

(high  value) 138 . 1 

120  Calorific  value  per  cu.  ft.  of  standard  gas  fx-om  calorimeter, 

B.t.u.  (high  value) 137 . 3 

121  Specific  weight  of  standard  gas,  11).  per  cu.  ft 0 .  0680 

122  Specific  heat  of  dry  gas  leaving  producer 0 .  3281 

123  Carbon  ratio  C/H 14.07 

124  Total  volume  of  gas  from  meters,  cu.  ft 60630 

125  Total  volume  of  standard  gas,  from  meters,  cu.  ft 57500 . 

126  Total  volume  of  standard  gas,  from  analysis,  cu.  ft 56200 

127  Total  volume  as  used  in  calculations,  cu.  ft 57500 

128  Volume  of  standard  gas  per  hr.  from  total  used  in  calculations.       4795 

129  Volume  of  standard  gas  per  lb.  of  dry  coal  from  total  used  in 

calculations,  cu.  ft 74  . 1 

130  Volume  of  standard  gas  per  11).  of  cotiibustible  from  total  used 

in  calculations,  cu.  ft 93 . 7 

131  Total  weight  of  standard  gas  from  total  used  in  calculations, 

lb 3912 
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132  Weight  of  standard  gas  per  hr.,  lb 

133  Weight  of  standard  gas  per  lb.  of  dry  coal,  lb.  .  .  . 

1 34  Weight  of  standard  gas  per  lb.  of  combustible,  lb . 


135 
136 
137 
138 
139 
140 
141 
142 
143 


144 
145 

146 
147 
148 
149 
150 
151 
152 


GAS   ANALYSIS   BY    V^OLUME 


Carbon  dioxide ,  COg 

Carbon  monoxide,  CO  .... 

Oxygen,  O2 

Hydrogen,  H, 

Marsh  gas,  CH^ 

Olefiant  gas,  C2H4 

Sulphur  dioxide,  SO2 

Hydrogen  sulphide,  H2S .  . 
Nitrogen,  No  by  difference. 


GAS   ANALYSIS   BY   WEIGHT 


Carbon  dioxide,  CO2 

Carbon  monoxide,  CO.  .  .  . 

Oxygen,  Oj 

Hydrogen,  Hj 

Marsh  gas,  CH4 

Olefiant  gas,  CgH^ 

Sulphur  dioxide,  SOg 

Hydrogen  sulphide,  HjS .  .  . 
Nitrogen,  Nj,  by  difference. 


326 
5.03 
6.37 


4.20 
27.01 

0.23 
10.40 

1.77 


56.40 


7.16 
29.25 
0.29 
0.81 
1.12 


61.37 


EFFICIENCY 


153  Grate  efficiency,  per  cent 

1 54  Hot  gas  efficiency,  based  on  high  heating  value,  per  cent . 

155  Cold  gas  efficiency,  based  on  high  heating  value,  per  cent . 


95.3 
90.9 
78.3 


EFFICIENCY    BASED  ON  COMBUSTIBLE 


155a  Hot  gas  efficiency,  based  on  high  heating  value,  per  cent. . 
155  6   Cold  gas  efficiency,  based  on  high  heating  value,  per  cent. 


COST  OF  GASIFICATION 

156  Cost  of  fuel  per  ton  deUvered  in  producer  room 

157  Cost  per  1000  cu.  ft.  of  standard  gas,  cents 

158  Cu.  ft.  scrubber  water  per  1000  cu.  ft.  standard  gas. 


95.4 

82.2 


6.18 


POKING 

159  Method  of  poking From  top,  slicing  from  bottom 

160  ^Frequency  of  poking Three  times  during  test 

FIRING 

161  Method  of  firing Hand 

162  Average  intervals  between  firings Twice  during  run 

163  Average  amount  of  fuel  charged  each  time 


250 
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HEAT  BALANCE 

Debit  >  B.t.u. 

a  Total  heat  supplied  per  lb.  dry  coal 13040 

b  Total  heat  supplied  by  air  per  lb.  dry  coal 19 

c  Total  heat  supplied  by  moisture  in  air  per  lb  dry  coal.. .  . 

d  Total  heat  supialied  by  moisture  in  coal 

e  Total  heat  supplied  as  sensible  heat  in  coal 

/  TotaP  heat  supphed  in  vaporizer  water 385 


Total 13444 

Per 

Credit  B.t.u.  Cent 

a  Heat  contained  as  sensible  heat  in  drj^  gas 1725  12.8 

h  Heat  contained  in  moisture 262  2 . 0 

c  Heat  contained  in  dry  gas  (heat  of  combustion) 10240  76 . 2 

d  Heat  in  unburned  carbon 618  4 . 6 

e  Heat  contained  as  sensible  heat  in  ash  and  refuse 

/  Heat  lost  in  overflow  from  vaporizer 

g  Radiation  and  conduction,  by  difference 599  4.4 


Total 13444       100.0 

FORM  3     GUIDE  SHEET  CONTAINING  ALL  FORMULAE  AND  THEIR 

DERIVATION 

The  item  numbers  refer  to  the  items  of  Form  2,  and  are  arranged  in  the  order 
of  computation. 

Item  4.  "Depth  of  fuel  bed" is  to  a  certain  extent  arbitrary.  In  order  that 
the  term  may  have  a  fixed  and  definite  meaning  we  will  define  it  as  the 
distance  between  the  upper  edge  of  the  ash  zone  and  that  section  of  the 
fuel  bed  from  which  the  gases  separate  and  leave  the  fuel.  The  upper 
edge  of  the  ash  zone  can  ordinarily  be  readily  determined  by  inspection. 

Item  16.     This  reading  is  the  average  of  the  barometer  readings  for  the  test  and 
is  not  corrected. 

Item  17.     Item  16  corrected.     The  following  formula  may  be  used: 
Let  H  =  corrected  barometer  reading. 
t  =  temperature,  deg.  fahr. 

h  =  barometer  reading  corresponding  to  temperature  t. 
Thenff  =  h  (1.00254  -  0.0000790 

Item  17.  =  Item  16  (1.00254  -  0.000079  X  Item  29) 

Item  18.  =  Observed. 

Item  19.  =  Observed. 

Item  20.  =  Item  17  -  Item  19  X  0.0735 

Item  21.  =  Observed. 

Item  22.  =  Item  17  -  Item  21  X  0.0735 

*  Supplied  in  steam. 
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Item  23.  =  Observed. 

Item  24.  =  Item  17  +  Item  23  X  0.0735 

Item  25.  =  Taken  from  steam  tables  using  temperature  in  Item  44,  1  lb. 
per  sq.  in.  =  2.04  in.  Hg. 

Item  26  =  Item  24  -  Item  25 

Item,  27.  =  Observed. 

Item  28.  =  Item  17  -  Item  27  X  0.0735 

Items  29  to  48.  The  observed  temperatures  should  be  corrected  from  the  cali- 
bration curves  before  being  placed  in  Form  2.  The  absolute  tempera- 
ture =  the  observed  temperature  +  460  deg. 

Item  39.  This  item  is  observed  in  deg.  cent,  and  should  be  transferred  into  deg. 
fahr. 

9 
Deg.  fahr.  =  -  deg.  cent.  +  32 
5 

Each  observation  must  be  transferred. 
Item  50.     Taken  from  Item  67. 

Item  50 

Item.  51.     Item  49       1  -    

100 

Item  52.     Taken  from  ash  sheet,  correction  being  made  for  any  moisture  taken 

up  in  the  ashpit. 
Item  54.     In  these  tests  the  total  weight  of  combustible  consumed  will  be  taken 

as  the  total  weight  of  dry  coal  fired. 

The  weight  of  ash  is  computed  from  the  analysis. 

The  weight  of  nitrogen  =  f  X  the  weight  of  oxygen. 

The  weight  of  carbon  contained  in  the  ash  and  refuse  equals 

Item  51  X  Item  66       Item  51  X  Item  64        f  Item  51  X  Item  63 

Item     51 — 

100  100  100 

Item  52  X  Item  68 


Therefore, 
Item  54  =  Item  51 


100 


Item  66  +  Item  64  +  |  Item  63 


100 


Item  52  X  Item  68 
100 


Item  52  X  100 

Item  55.  =  — 

Item  51 

Items  56  to  69.     From  chemist. 

Items  69,  1,2,  3,  and  4.     The  ultimate  analysis  of  the  ash  will  be  made  only  in 
special  cases  to  obtain  data  on  the  formation  of  clinker. 

Item  51 

Item  70.  = 

hours 

Item  54 

Item  11.  =  — 

hours 
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Item  70 

Item  72.  = - 

Item  2 

Item  71 
Item  73. 

Item  74. 

Item  75.  = 


Item  2 
Item  70, 

Item  5 
Item  71. 


Item  5 

Item  76.  " The  rate  of  descent  of  dry  coal  through  the  fuel  bed,"  or  "  The  dry 
coal  per  cu.  ft.  of  fuel  bed  per  hour,"  which  is  the  same,  offers  a  means  of 
comparing  the  rate  of  gasification  in  different  producers  that  seems  to  be 
better  adapted  for  the  purpose  than  the  expressions  taken  from  boiler 
pratice,  viz :  "  coal  per  sq.  ft.  of  grate  area,"  or  "  coal  per  sq.  ft.  of  fuel  bed," 
the  latter  having  Ijeen  used  in  producer  practice. 

Item  74 

Item  76.  =  ~=r — 

Item  4 

Item  75 

Item,  n.  =  — — 

Item  4 

Item  78.     Taken  from  chemist's  report. 

Item  78  X  Item  51  -  Item  52  X    Item  68  X  145.40 

Item  79.  = 77        7^ 

Item  54 

Item  80.  =    {item  61  X  145.40  +  Item  65  X  40.00  +  [Item  62  -  i   of  Item 

63]  X  620.00} 

Item  80  X  Item  51  -  Item  52  X  Item  68  X  145.40 

ItemSl.  = 77 TT 

Item  54 

Item  113.     Total  volume  of  gas  passing  through  meter  at  dryer.     Observed. 

Item  114.     Total  volume  of  standard  gas  passing  tlu-ough  meter  at   dryer. 

Neglecting  the  effect  of  moisture. 

Let  pi  =  absolute  pressure  in  inches  Hg.  at  dryer  meter. 

t,  =  absolute  temperature,  deg.  fahr.  at  dryer  meter. 

v,  =  total  volume  of  gas  passing  through  meter. 

P,  V,  and  T,  be  the  condition  of  standard  gas. 

P  =  30  in.  Hg. 

T  =  460  +  62  =  522 

y  =  ? 

Then 


Plv> 

PV 

<■ 

T 

p,vj 

p 

,v,  X  522 

Pt, 

30f, 

.,.:^  17.4    P,i'. 

or  >    = 


h 


from  which  the  value  of  Item  114  follows. 
Item  28  X  Item  113 

Item  114.  =  17.4 — 

Item  47 

Item  118.     Not  considered  in  these  tests. 
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Item  119.     One  cubic  foot  of  standard  gas,  that  is,  gas  at  a  temperature  of 
62  deg.  fahr.  or  522  deg.  absolute  and  a  pressure  of  30  in.  Hg.,  gives  up  on 
combustion,  when  the  pi-oducts  of  combustion  are  brought  back  to  this 
temperature  and  the  moisture  is  condensed,  the  following  heat  quantities: 
Hg      =  328  B.t.u.  per  cu.  ft.  of  standard  gas. 
C2H4  =  1480  B.t.u.  per  cu.  ft.  of  standard  gas. 
CO      =  319  B.t.u.  per  cu.  ft.  of  standard  gas. 
CH4   =  1010  B.t.u.  per  cu.  ft.  of  standard  gas. 
Item  120.     This  quantity  is  the  average  of  all  the  calorimeter  determinations. 
Each  separate  determination  by  the  calorimeter  must  be  computed  and 
the  heating  value  obtained.     The  following  formula  may  be  used.     The 
calorimeter  readings  are  taken  in  centigrade  units  with  the  exception  of  the 
meter  readings  and  pressure. 

Let  to  =  temperature  of  entering  water,  deg.  cent. 
t^  =  temperature  leaving  water,  deg.  cent. 
r  =  rise  in  temperature  of  water,  deg.  cent. 

W  =  weight  of  water  used  during  the  intervals  =  8  litres  for  all  tests. 
Gi  =  cu.  ft.  of  gas  used  from  meter. 
tg  =  temperature  of  entering  gas,  deg.  cent. 
Pg  =  pressure  entering  gas  inches  Hg.  absolute,  corrected  for  vapor 

pressure  of  water  (see  Item  25) . 
H  =  heating  value  per  cu.  ft.  of  standard  gas  (62  deg.  fahr.  or  16.7'deg. 

cent,  and  30  in.  Hg.) 
tg  —  temperature  of  standard  gas  =  62  deg.  fahr.  or  16.7  deg.  cent. 
Pg  =  pressure  of  standard  gas  =  30  in.  Hg. 
Gg  ==  cu.  ft.  of  standard  gas. 


Where  ig  and  tg  are  in  absolute  deg.  cent.,  <,  —  t2  =  r 
Total  heat  per  cu.  ft.  standard  gas  in  B.t.u.  =  H. 
Total  heat  absorbed  by  water  =  W  X  r 


H  = 

TFX 

r  X  3.968        TF  X  r  X  3.968 

8Xr 

X  3.968  Xfg  X30 

G,  X  Pg  X  (16.7  +  273) 

«g  X  r  X  3.29 

G,Xp^ 

where  3.968  is  the  conversion  factor. 
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In  this  formula  it  is  assumed  that  the  exhaust  products  are  brought  back 
to  62  deg.  fahr.  This  is  not  strictly  true  but  tlie  error  introduced  is 
negUgible,  when  the  error  in  the  use  of  the  apparatus  is  considered.  There 
is  another  error  due  to  the  exhaust  products  carrying  out  more  or  less 
vapor  of  water  than  was  brought  in  by  the  entering  gas  and  air. 

This  error  will  also  be  small  and  may  either  be  positive  or  negative 
depending  on  conditions.  The  entering  gas  will  in  most  cases  come  from 
direct  contact  with  water  and  will  therefore  be  saturated.  The  air  ordina- 
rily will  not  be  saturated.  On  combustion,  moisture  will  be  formed  by  the 
union  of  the  oxygen  and  hydrogen,  there  will  be  a  contraction  in  volume  of 
the  gases  due  to  the  combustion,  and  also  a  contraction  or  expansion  due 
to  a  change  in  temperature  after  combustion.  In  whichever  direction  the 
change  in  the  weight  of  moisture  in  the  out-going  gas  from  chat  brought  in 
by  the  entering  gas  may  occur,  this  change  may  be  considered  very  small; 
for  the  contraction  on  combustion  will  be  comparatively  small,  and  this 
contraction  will  partly  offset  the  unsaturated  condition  of  the  air  used  for 
combustion.  Also  the  change  in  temperature  of  the  out-going  gas  from 
that  of  the  entering  gas  will  be  small. 

The  heating  values  as  given  in  Items  119  and  120  are  the  high  values. 
The  values  obtained  from  the  analysis  will  be  more  accurate  and  will 
be  used  in  all  computations. 
Item  121.     The  specific  weights  of  the  following  gases  at  62  deg.  and  30  in.  Hg.  are 
CO2  =  0.11610  CH4  =  0.04278 

CO    =  0.07362  CjH,  =  0.07370 

O2     =0.08418  S02  =  0.16380 

Hj    =  0.00530  H2S  =  0.08682 

N^  =  0.07400 

Item    121.       =  [Item  135    X  0.1161     +  Item  136  X  0.07362    +  Item  137 

X  0.08418  +    Item  138    X  0.00530  -f  Item  139  X  0.04278     +  Item  140 

X  0.0737     +    Item  141   X  0.1638     +  Item  142  X  0.08682     -I-  Item  143 

X  0.0740]  T^o 

Items  144  to  152.     Calculation  of  the  gas  analysis  by  weight  from  the  analysis 

by  volume.     Assume  that  we  have  one  cubic  foot  of  gas  at  62  deg.  fahr. 

and  30  in.  Hg.  of  the  following  composition: 


Analysis  by  Weight 

Volumetric  Analysis 

Specific  Weights 

Per  Cent 

CO4  =  a 

per 

cent 

0.1161     =  TT'a 

a 

IFa  X  a 
W 

CO  =  6 

0.07362  =  TFb 

b 

W 

O2  =  c 
H2  =d 

0.08418  =  TFc 
0.00530  -  PFd 

c 

d 

W^  X  c 

W 
PFd  X  d 

■m 

w 
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VoLUMERic  Analysis  Specific  Weights 

CH,  =  e  0.0427S  =  W^ 

an,  =/  0.07370  =  W[ 

SO2  =  g  0.16380  =  Wg 

H2S  =  h  0.08682  =  W\ 

N,  =  i  0.07400  =  Wi 


Analysis  by  Weight 

Per  Cent 

TFe  X  e 

e 

W 

Wi  Xf 

t 

^ _ 

W 

W^X  g 

<l 

s= — 

W 

h 

TFh  X  h 

W 

i 

WiX  i 

w 


Where  TT'  =  [a  X  W^  +  b  X  TT'b  +c  X  TT'c  +  e  X  We i-^  X   irj  ,,^5 

=  Item  121. 

Item  122.  The  specific  heats  of  the  gases  vary  according  to  the  pressure  and 
temperature.  As  the  pressure  used  throughout  the  experiments  is  atmos- 
pheric we  have  only  to  consider  the  variation  with  the  temperature. 
The  following  formulae  taken  from  Zeuner,  vol.  I,  page  147,  give  the  specific 
heat  for  constant  volume  Cy. 

'COj,  mCy  =  6.50  +  0.00774^ (1) 

B.fi,mCy  =  5.78  +  0. 0057215 (2) 

O2 H2  Nj,  CO,  mCy  =  4.76  +0.00244i (3) 

mCp  -  mCy  =  1 .  9934 (4) 

For  the  specific  heat  of  marsh  gas  CH^,  our  other  constituent,  we  will 
use  the  value  Cp  =  0.6.  This  is  approximate,  but  as  the  quantity  of  CH^ 
is  small  the  resultant  error  is  consequently  small. 

In  the  above  formula,  m  is  the  molecular  weight  of  the  gas,  t  the  tem- 
perature in  deg.  cent,  and  C^  the  mean  specific  heat  between  zero  and  t  deg. 
cent.  Cp  is  determined  from  formula  (4) .  From  the  above  formulae,  the 
analysis  by  weight  as  determined  below  and  the  temperature  of  the  gases 
leaving  the  producer,  the  specific  heat  of  each  constituent  in  a  unit  weight 
of  the  gas  may  be  determined.  The  specific  heat  of  the  gas  will  be  the  sum 
of  the  specific  heats  of  the  constituents. 
Substituting  the  value  of  mC-^  from  formula  (4),  and  the  value  of  ni,  and 
changing  to  deg.  fahr.  we  have  from  the  above  formulae: 

For  CO2,  Cp  =0.19    +    .0000977f a 

H2O,  Cp  =  0.426  +    .000176* b 

H2,     Cp  =  3.355  +    .000678* c 

CO,    Cp  =  0.24    +    .0000484* d 

N,,     Cp  =  0.24    +    .0000484* e 

CH„Cp  =  0.6     / 

O2,     Cp  =  0.21     +.0000424* g 

^Mallard  and  Le  Chatellier's  Formulae. 
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Letab  cde  and /,  represent  the  mean  Cp  for  the  above  gases  between  32  deg 
H  f  W  fthr      Then  the  (7^  of  the  producer  gas  =  the  sum  of  the  products  of 
rht^oSitSloMhfgas  b^y  weigh?  X   the  specific  heat  of  the  constituent. 

That  is, 

T.         1  1 1  ^  ^  V  Ttpm  147  +  dX  Item  145  +  e  X  Item  152 
Item  122  =  [a  X  Item  144  +  c  X  J-tem  nt   -r  "  /v 

1  > 

+  /  X  Item  148  +  g  X  Item  146]  — 


Item  123 


4 


CO.io,.C  C0=%+0  CH=C..H,  C.H:^0;f. 

44  =  32  +  12  28  =  12  +  16  16  =  12  +  4 

The  total  weight  of  carbon  appearing  in  a  unit  weight  of  gas  from  the  above  = 
per  cent  by  weight  CO.  X  ^^^  +  P-  cent  by  weight  CO  X  /^-^  +  per  cent  by 


weight  CH,  X  T-  +  per  cent  by  weight  C^H,  X 

'^  AIM  I 


400 


6 
700 


The  total  weight  of  H,  appearing  in  a  unit  weight  of  gas  =  per  cent  by  weight 

^  1 

li  +  per  cent  by  weight  CH,  X   .- „  +  per  cent  by  weight  C,H,  X   ^^^ 
100  40U 

or  Item  123    =  [Item  144  X  0.273  +  Item  145  X  0.429  +  Item  148  X  0.75  + 
Item  149  X  0.858]-.  [Item  147  +  Item  148  X  0.25  +  Item  149  X  0.143] 

Item  124.     Observed.  .npters 

Item  125      Let  G  =  total  volume  of  gas  as  measured  by  the  meters 
Item  125.     Le    ^  ^  ^^^^^^^^  ^^^^^^^^  ^^  ^^^  ^^^  .^  .^^^^^  ^^  ^^  ^^3,,,^ed. 

T  =  absolute  temperature  in  deg.  fahr. 

t  =  observed  temperature.  .        ,       ,    i  ,„;fh  wnter 

The  volume  of  gas  G  as  measured  by  the  meter  is  saturated  >Mth  ^^ater 

vapor  at  the  temperature  t.  w  •      i  f,.^m  the  steam 

Letp,  =  pressure  of  this  vapor  in  inches  as  obtamed  fiom  the  steam 

^^Then  as  the  pressure  p  is  the  total  pressure  of  the  nuxture,  the  actual 

or  partial  pressure  of  the  dry  gas  is  p  -  p,  -  p2- 

Let  p„  G„  and  T,.  be  the  condition  of  standard  gas.     ihen 

GXP.        ^  GX^^XJ:,  ^  GXJP^X^22   ^   GXp,^  ,,  , 

Therefore  Item  125  equals 

Item  124  X  Item  26  Xj^ 
~  Item^S 
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Item  126.  Calculation  of  the  volume  of  the  gas  from  the  analysis  of  the  gas  and 
the"analysis  of  the  coal.  Evidently  the  total  weight  of  the  carbon  appear- 
ing^in  the  gas  should  be  equal  to  the  total  weight  of  carbon  in  the  coal 
minus  the  weight  that  is  lost  through  the  grate  and  the  weight  lost  in  soot 
and  tar.  This  latter  is  small  for  the  hard-coal  producer  and  will  be  ne- 
glected. 

Let  P  =  Per  cent  carbon  by  weight  in  dry  coal. 
/  W  =  total  weight  of  dry  coal. 

Wy  =  total  weight  of  ash  and  refuse. 
,    Pi  =  Per  cent  by  weight  of  carbon  in  the  ash  and  refuse. 
TF2  =  total  weight  of  carbon    that  should  appear  in  the  gas,  or  the 
weight  of  carbon  utilized  in  the  producer. 

PW  -  P,W, 
'  100 

This  carbon  is  contained  in  the  COj,  CO,  CH^,  and  C2H4. 

The  proportion  by  weight  of  C  in  CO2  is  3/11,  of  C  and  CO  is  3/7,  of  C  in  CH^ 
is  3/4  and  of  C  in  C2H4  is  6/7. 

Therefore  the  total  weight  of  C  contained  in  a  unit  weight  of  gas  will  be 

_  3/11  A  +  3/4^  +  3/7  F  +  6/7  G 
'  ~  ^100 

Where  A,  E,  F,  and  G  are  the  per  cent  by  weight  of  CO^,  CH^,  CO,  and  C2H4  from 
the  gas  analysis. 

The  per  cent  of  this  carbon  contained  in  the  gas  as  CO2  is 

"3 

The  actual  weight  of  this  carbon  will  be    — X  W,.     Since  W,  is  the 

PF3  X  100  ' 

total  weight  of  carbon  utihzed,  from  the  fuel. 

One  pound  of  carbon  on  burning  produces  3J  lb.  of  COg. 

^  3/11  A 

W2  X~~ X  3§  =  total  weight  of  CO2  in  the  gas. 

PF3  X  100 

Let  W  s  =  the  specific  weight  of  CO2  at  62  deg.  and  30  in.  Hg.     See  Item 
121.     The  standard  volume  Fg  of  CO2  will  therefore  be, 


100  xw.xw 


Let  this  volume  equal  a  per  cent  (from  the  volumetric  gas  analysis)  of  the 
total  volume  of  gas  deUvered  by  the  producer.  The  total  volume  of  standard  gas 
from  the  gas  analysis  is  therefore 

'"^  =  v. 

a 
^       aXW.XWs 
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Item  126  therefore  equals 

Item  144  X  (Item  51  X  Item  61  -  Item  52  X  Item  68) 
0.116  X  Item  135  X  (0.273  Item  144^0J5l[tem  148  +  0.429  Item  145 

+  0.858  Item  149) 

Item  127.  Item  126  should  be  used  as  a  check  on  Item  125.  The  difference 
between  the  two  values  should  not  exceed  5  per  cent.  Item  125  should  be  used 
in  all  computations. 

Item  127 


hours 

Item  129 

Item  127 

Item  51 

Item  130 

Item  127 

Item  54 

Item  131 

=  Item  127 

X 

Item  121 

Item  132 

Item  131 

hours 

Item  131 

Item  133  =  _; 

Item  51 

Item  131 

Item  134  = 

Item  54 

Items  135  to  143     From  chemist. 

Item  104.     The  relative  humidity,  or  per  cent  saturation  is  observed  by  means  of 

a  hair  hygrometer.     This  may  also  be  obtained  from  a  wet  and  dry  bulb 

thermometer,  and  a  set  of  psychrometric  tables. 

Item  105.     See  Kent,  page  484  for  weights  of  air  and  moisture. 

Let  p  =  per  cent  saturation,  or  relative  humidity,  Item  104. 

n  =  weight  of  moisture  contained  in  one  cu.  ft.  of  saturated  air  at 

the  observed  temperature.  Item  29. 

pn 

=  weight  of  moisture  in  1  cu.  ft.  of  air  as  used. 

100 

If  m     =  weight  of  1  cu.  ft.  dry  air  at  the  observed  temperature,  then 

Item  105   =  -^—-  X  100  =  ^^  =  Item  104  X  - 
100m  m  m 

This  formula  is  in  error  due  to  neglecting  the  vapor  pressure  of  water;  this  is, 
however,  negligible  in  the  present  case. 

Item  82.     Observed. 

Item  83.     Observed. 

Item  84.  =  Item  82  -  Item  83. 

Item  86.  The  weight  of  water  decomposed  in  the  producer  is  evidently  9 
times  the  weight  of  hydrogen  formed,  since  1  lb.  of  water  on  decomposition 
yields  1  lb.  of  hydrogen  and  8  lb.  oxygen.  The  total  weight  of  hydrogen 
formed  is  equal  to  the  total  weight  of  free  hydrogen  appearing  in  the  gas, 
plus  the  total  weight  of  hydrogen  appearing  in  the  CH^  in  the  gas,  minus 
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the  total  weight  of  hydrogen  that  is  not  in  combination  with  oxygen  in  the 
coal. 
Item  86  therefore,  equals 

Item  131  (Item  147  +  0.25  Item  148)  -  Item  51  (Item  62  -  i  Item  63) 

100 

Item  87.  Owing  to  the  difficulty  in  obtaining  the  weight  of  moisture  in  the  gases 
leaving  the  producer  with  a  proper  degree  of  accuracy  by  the  use  of  a  dryer, 
it  will  ordinarily  be  better  to  use  Item  86  for  this  item. 

Item  106.     Obtained  from  the  gas  analysis  by  weight,  Items  144  to  152  inclusive. 


Let  A  = 

per 

cent  CO2 

LetD 

=  per  cent  Hj 

B  = 

per 

cent  O2. 

E 

=  per  cent  CH4 

c  = 

N. 

F 

=  per  cent  CO 

1 

2 

3 

0  =  0^  =  CO, 

C  +  0  = 

=  CO 

H2  +  0  =  H2O 

12  +  32  =  44 

12  +  16  ^ 

=  28 

2  +  16  =  18 

11        11 

3        4 

1 

9    9 

Fom  equation  (1),  one  lb.  of  CO2  requires  8/11  lb.  of  O  for  its  formation 
From  (2)  one  lb.  CO  requires  4/7  lb.  of  O  for  its  formation. 
The  total  amount  of  O  appearing  in  1  lb.  of  the  gas  is  therefore 

—  A  +     F  +  B  I  X 

11  7  y       100 

This  O  comes  from  that  contained  in  the  air,  that  contained  in  the  coal, 
and  from  the  water  decomposed.     The  oxygen  contained  in  the  coal,  how- 
ever, is  supposed  to  be  united  with  hydrogen,  and  is  therefore  contained 
in  moisture,  which  has  been  allowed  for  in  the  water  decomposed. 
Let  W  =  total  weight  of  gas. 

Then  the  total  weight  of  O  used  is 

W  /8     ^        4   „       ^ 
100\^11  7 

Let  W2  =  weight  of  water  decomposed.     From  (3).  1  lb.  of  water  de- 
composed liberates  8/9  lb.  of  O. 

Weight  of  O  supplied  by  decomposition  of  water  =  8/9  W^ 
Let  W3  =  total  weight  of  O  supplied  by  the  air. 
From  the  above  equation  we  have, 

A  +  -■ 
11  7 

or  Tl^.  =   ^-^  (^A  +  ^F+       ]    -  -W, (4) 


+  B 

1  100 

8 
~  9 

W, 

+  IF3, 

1a 

11 

4 

+  7 

F  + 

.) 

--V 
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W 
The  weight  of  air  used  is  therefore  since  the  proportion  by  weight  of 


O  in  air  is  23,  or 

1     r  W     /  s  4  \       S        T 

.... (5) 


W.  1 

1^  =W,  = 

0.23  0.23 


100    111  7  /       9       ' 


Therefore  Item  106  = 


Item  131/8  4 

Item  144  +    -  Item  145  +  Item  146 

100         \  11  7 


8 

-  X  Item  87 


J-    (0) 

0.23 


The  above  computation  may  be  made  from  the  weight  of  nitrogen  appearing 
in  the  gas.  The  nitrogen  comes  from  the  air  used  and  from  the  nitrogen  intro- 
duced with  the  fuel. 

Let  C  per  cent  per  lb  =  weight  of  Ng  from  analysis 

Let  W  as  before  =  total  weight  of  gas. 

CW 
Then  =  total  weight  of  N„  in  the  gas. 

100  6  2  6 

W  H 

The  weight  of  N,  supplied  by  fuel  will  be    — ' — '  ,where  W;  equals  the  total 

weight  of  dry  coal  and  Hj  is  the  per  cent  by  weight  of   N„  contained  in  the 
coal.     We  have  therefore, 

100  100 

where  W^  =  total  weight  of  Nj  in  the  air. 
The  weight  of  air  supplied  is  therefore 

W,  (cW        W,h\      1  (CW  -  W,H, 

---  =  W.  = 


0.77         \100          100  /  0.77                    \           77 
or  Item  106  =  (Item  131  X  Item  152  -  Item  51  X  Item  64)  —   (7) 

The  weight  of  air  derived  by  formula  (6)  will  be  hable  to  error,  due  princi- 
pally to  the  error  in  the  determination  of  the  total  quantity  of  water  decom- 
posed, which  may  be  large,  and  also  to  the  neglecting  of  the  SOj  formed. 

The  weight  determined  by  formula  (7)  will  be  in  error  due  principally  to 
the  taking  of  the  weight  of  Ng  from  the  analysis  by  difference. 

The  results  obtained  from  formulae  (6)  and  (7)  should  check  within  5  per 
cent. 

The  results  obtained  by  (7)  are  beUeved  to  be  more  accurate  and  will  be 
used  in  all  computations. 
Item  107     This  may  be  obtained  direct  from  the  calibration  curve  of  the  orifice. 

It  should  be  compared  with  the  two  values  obtained  above. 
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Item  108.     This  will  ordinarily  be  taken  from  Item  106. 
Item  108 


Hours 
Item  108 
Item  51 
Item  108 
Item  54 
Item  108 


Item  109  = 
Item  110  = 
Item  111  = 

Item  112  = 

Item  131 

Item    85  =  Item  84  +  Item  856  +  Item  S5c. 

_        „^^       Item  108  X  Item  105 

Item  S5b  = 

100 

Item  49  X  Item  50 

Item  85c  = 

100 

Item   88  =  Item  85  -  Item  87 

Item  87 


Item  89  = 

Item  90  = 

Item  91  = 

Item  92  = 

Item  93  = 

Item  94  = 


Item  85 

Item    87 

Item  131 

Item  87 

Item  51 

Item  87 

Item  54 

Item    87 

Item  108 

Item  85 

Item  51 

Item  85 

Item    95  =  

Item  54 

Item  85 

Item    96  =       

Item  108 

Item    97  =  Observed 

Item    98  =  Observed 

Item  84 

Item    99  =  

Hours 

^^      ,  ^^       Item  99 

Item  100  = -^ 

Item  11 

Item  87 

Item  101  =  

Hours 

Item  85 
Item  102  = 

Item  103  = 

Hours  , 

Item  115  =  Item  114  X  Item  121 


Hours 
Item  97 


Item  116  = 
Item  117  = 
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Item  98  X  0.2205 


Item  115 
100  Item  88 
Item  131 

Item  153  The  grate  efficiency  is  100  times  the  ratio  of  the  total  B.t.u.  in  the 
fuel  minus  the  B.t.u.  in  the  fuel  lost  through  the  grate;  to  the  total  B.t.u.  con- 
tained in  the  fuel.     Therefore 

Item  51  X  Item  78  X  100  -  Item  52  X  Item  68  X  14540 

Item  153  = 

Item  51  X  Item  78 

Itetn  154.  The  hot  gas  efficiency  is  100  times  the  ratio  of  the  total  heat  of  com- 
bustion of  the  gas,  plus  the  sensible  heat  of  the  dry  gas,  plus  the  total 
heat  contained  in  the  moisture,  minus  the  heat  given  to  the  producer  by 
the  entering  air,  by  the  coal  as  sensible  heat  and  by  the  moisture  or  steam 
in  the  air,  or  suppHed  from  any  outside  source;  to  the  heat  of  combustion 
of  the  dry  coal.  Therefore,  Item  154  =  {item  119  X  Item  127  -f-  Item 
122  X  Item  131  (Item  39  -  62  deg.  +  Item  88  [1116  +  0.6  (Item  39- 
212)]  -  Heat  from  external  source  }    X  100  -f-  Item  51  X  Item  78. 

The  heat  given  to  the  producer  by  the  air,  moisture,  coal,  etc.,  maybe 
neglected  if  the  room  temperature  is  within  20  deg.  of  the  standard  tem- 
perature 62  deg.  This  will  ordinarily  be  the  case.  If  steam  is  supplied 
to  the  producer  by  a  steam  nozzle  taking  steam  from  some  outside  source, 
the  heat  in  this  steam  must  be  subtracted  from  the  numerator  of  the  above 
formula. 

Item  155  The  cold  gas  efficiency  is  100  times  the  ratio  between  the  total  heat 
of  combustion  of  the  gases,  to  the  total  heat  of  combustion  of  the  dry  coal. 
That  is. 

Item  119  X  Item  127 

Item  155  =    — 100 

Item  51   X  Item  78 


Item  157  = 
Item  158  = 


Item  156  X  Item  49 
^.O^xltenTm 

Item  97  X  1000  Item  97 


62.5  X  Item  127  0.0625  X  Item  12 


HEAT  BALANCE 
DEBIT 

Item,  1 .     Obtained  from  Item  78. 

Items  2,  3,  4,  5,  6,  Using  as  a  standard  the  temperature  of  62  deg.  fahr.,  the 
heat  given  to  the  producer  by  the  items  2  to  6  inclusive  is  in  most  cases 
negligible.  The  error  at  a  temperature  of  100  deg.  fahr.  is  less  than  1  per 
cent  for  a  producer  of  the  contained  vaporizer  type.  However,  the  for- 
mulae will  be  given  for  computation  of  these  items. 

Item  2  =  Item  110  X  0.24  (Item  30  -  62°F) 
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^       Item  85b  X  (H  -  1070)     , 

Item  3  = where  H  =  the  total  heat  in  1  lb.  saturated 

Item  51 

steam  at  the  temperature  of  the  fire  room. 

Item  49  X  Item  50 

Item  4  =  (Item  30  -  62  deg.  fahr.) 

100  X  Item  51 

Item  5  =  0.24  X  (Item  30  -  62  deg.  fahr.) 

Item  82  (Item  33  -  62  deg.  fahr.) 


Item  6 


Item  51 


CREDIT. 

Item  1  =  Item  122  X  Item  133  X  (Item  39  -  62  deg.  fahr.) 

Item  117  X  Item  133    ' 

Item  2  = ~ [(Item  39  -  ^12  deg.  fahr.)  X  0.6  +  1116] 

Item  3  =  Item  119  X  Item  129 

Item  52  X  Item  68 

Item  4  = X  145 .  40 

Item  51 

Item  5     This  is  very  small  and  may  be  neglected. 

Item  83 

Item  6  =  (Item  34  -  62  deg.  fahr.) 

Item  51 

Item  7  =  Sum  of  Items  on  debit  side  —  (Item  1  +  Item  2  +  Item  3  +  Item  4 
+  Items  5  and  6.) 


LINE  SHAFT  EFFICIENCY,  MECHANICAL  AND 

ECONOMIC 

By  Heney  Hess,  Philadelphia 
Member  of  the  Society 

The  efficiency  to  be  treated  in  this  paper  is  that  of  the  line  shaft 
considered  as  an  element  for  the  transmission  of  power. 

2  The  complete  power  transmission  system  is  made  up  of  the  shaft 
and  pulleys;  the  belts,  ropes  or  other  equivalents;  and  the  journals 
supporting  all  of  these. 

3  The  difference  between  the  power  delivered  to  the  system  and 
that  delivered  by  it  is  consumed  in  the  work  of  bending  and  slipping 
the  belts  and  overcoming  the  friction  of  the  journals.  There  may 
be  another  loss  due  to  the  bending  of  badly  aligned  shafting;  but  as 
misalignment  should  not  occur  and  as  the  remedy  is  obvious,  it' will 
not  be  considered  further. 

4  The  power  lost  in  the  bending  of  the  belts  and  in  their  slipping 
or  creeping  is  but  a  small  fraction  of  the  total  loss,  and  one,  moreover, 
that  cannot  be  materially  lessened;  assuming,  of  course,  that  belts 
are  kept  properly  pliable  and  not  allowed  to  dry  out,  become  caked 
with  dust  or  stiffened  with  adhesive  dopes,  all  causes  of  loss  of  belt 
efficiency  that  no  good  shopman  will  allow  to  exist. 

5  There  remains  the  journal  friction.  In  the  average  plant  this 
accounts  for  nine-tenths  or  even  more  of  the  entire  line  shaft  losses. 
Included  in  the  journal  friction  are  the  losses  at  the  loose  pulley  bear- 
ings and  the  countershafts. 

6  The  coefficient  of  friction  of  plain  babbitted  or  of  cast  iron  bear- 
ings ranges  all  the  way  from  |^  of  1  per  cent  to  8  per  cent.  This  range 
covers  all  of  the  many  methods  of  lubrication  in  general  use.  The 
better  value  is  rarely  realized  outside  of  the  laboratory;  the  poorer 
value  is  by  no  means  as  rarely  found  as  it  should  be.  A  showing 
of  3  per  cent  friction  coefficient  is  one  that  the  manager  may  well  pride 

AE  papers  are  subject  to  revision. 
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himself  on;  while  a  coefficient  of  5  per  cent  is  much  more  general, 
but  need  not,  as  conditions  are,  be  taken  as  reflecting  adversely  on 
attention  to  details. 

7  The  remedy  obviously  lies  in  the  substitution  of  ball  bearings  for 
plain  bearings.  In  other  fields  than  line  shafting  this  remedy  finds 
considerable  employment;  in  some  the  plain  bearing  has  indeed 
been  superseded  almost  entirely.  This  is  particularly  the  case  where 
the  power  efficiency  is  of  great  importance,  as  for  instance,  in  the 
automobile. 

8  While  some  shopmen  still  doubt  the  reliability  of  the  ball  bear- 
ing, those  who  have  followed  the  development  of  modern  machinery 
know  that  hundreds  of  thousands  of  ball  bearings  are  carrying  loads 
varying  from  a  few  ounces  to  many  tons,  day  in  and  day  out,  at 
speeds  ranging  from  a  few  turns  per  minute  to  10,000  or  more. 
They  realize  that  it  is  not  a  question  of  reliability  per  se,  but  one  of 
selection  of  sizes  suitable  for  the  loads  to  be  dealt  with. 

9  For  line  shafting  it  is  the  economic  question  that  is  to  the  fore. 
The  first  cost  of  a  ball  bearing  installation  is  greater  than  a  plain  bear- 
ing equipment.  Will  it  pay  for  itself  by  the  savings  effected  and  if  so 
at  what  rate?  What  return  on  the  difference  in  investment  can  be 
realized?  That  there  is  a  saving  is  generally  known,  but  accurate 
figures  are  wanted  by  which  a  manager  can  justify  his  recommenda- 
tion to  those  who  control  the  purse  strings  and  are  responsible  for 
dividends. 

10  When  onty  the  idle  running  of  the  line  shafts  is  considered 
answers  to  these  questions  can  be  easily  obtained,  now  that  electric 
motors  are  so  generally  applied  directly  to  line  shafts  and  it  is  so 
simple  a  matter  to  take  readings  of  the  power  delivered  to  them. 
The  difference  in  readings  for  the  same  shafts  with  plain  and  with 
ball  bearings  represents  fairly  accurately  the  saving  for  the  idle  run. 

11  But  line  shafts  are  not  put  up  to  run  idly;  they  drive  machines 
and  these  machines  are  sometimes  heavily  loaded,  sometimes  lightly 
loaded  and  sometimes  idle.  While  comparative  current  readings 
taken  under  these  conditions  may  be  fully  satisfactory  to  those  im- 
mediately concerned,  this  rather  crude  method  cannot  lay  claim  to 
that  accuracy  which  is  more  and  more  being  demanded  by  the  engi 
neering  world. 
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PLAN   OF   TESTS 

12  To  supply  definite  information  the  author  decided  that  a  series 
of  comparative  tests  should  be  made,  involving  no  variables  other 
than  the  bearings  themselves.  In  order  further  to  eliminate  possible 
personal  bias  in  favor  of  the  ball  bearings  the  author  called  on  Messrs. 
Dodge  and  Day  to  make  these  tests,  giving  them  carte  blanche  as  to 
methods,  with  instructions  confined  to  a  demand  for  definite  and  reliable 
figures.     This  investigation  is  the  first  undertaken,  so  far  as  the  author 


^P^ 


Fig.  1     View  Showing  Line  Shafting  Tested 


knows,  under  conditions  practically  those  of  the  work  shop,  the  sole 
difference  being  the  substitution  of  constant  loads  for  the  variables  of 
ordinary  working. 

13  Besides  the  change  in  load  due  to  the  operation  of  the  various 
machines  driven  from  a  line  shaft,  already  referred  to,  there  is  the 
change  in  load  due  to  variation  in  belt  stress.  A  preliminary  test 
quickly  demonstrated  that  reliance  could  not  be  placed  on  the  use 
of  tension  weighing  clamps  in  putting  on  the  belts.  The  tension  was 
found  to  differ  from  that  determined  by  the  clamp  scales.     This  error 
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could  have  been  minimized  by  the  use  of  the  admirable  methods  and 
apparatus  worked  up  by  the  engineers  under  our  past-president,  Fred. 
W.  Taylor,  and  this  plan  was  given  serious  consideration  until  it  was 
found  that  the  influence  of  varying  humidity  and  temperature  in  the 
shop  was  such  as  greatly  to  change  the  tension  of  the  belts  even  after 
they  were  in  place. 

14     The  complete  plan  finally  decided  on  and  carried  through  was 
as  follows:     A  line  shaft  of  2f^-in.  diameter  and  72-ft.  length  used 


Machine 
Counfenhaff 


A-loose  Pulley 


Fig.  2    Arrangement  of  Countershaft  Frames  Used  During  Comparative 
Tests  of  Ball  and  Ring-Oiling  Bearings 


to  operate  a  series  of  heavy  turret  lathes  was  set  aside  for  the  test. 
This  was  alternately  equipped  with  plain  ring-oiling  babbitted  boxes 
and  Hess-Bright  ball  bearings.  In  order  to  facilitate  the  exchange 
of  bearings,  the  ball  bearing  boxes  were  placed  on  the  shaft  close  to 
the  hangers,  making  it  necessary  only  to  slip  the  plain  bearings  out 
of  the  hanger  and  slip  the  ball  bearings  in.  Both  types  were  held  by 
the  same  supporting  screws  usual  with  modern  hangers. 
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15  It  is  perhaps  needless  to  mention  that  great  care  was  exer- 
cised in  seeing  that  the  shaft  was  correctly  aligned  at  the  beginning 
of  each  test.     It  was  supported  by  ten  hangers,  with  an  average 
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Fig.  3     Arrangement  of  Line  Shaft  and  Belt  Drives 


spacing  of  8  ft.     See  Fig.  1  to  Fig.  3,  the  last  of  which  shows  the 
arrangement  adopted  to  secure  constant  load. 

16  The  belts  from  the  line  shaft  drive  pulleys  mounted  on  swings 
hung  at  their  upper  ends,  loaded  by  ropes  attached  to  their  lower 
ends,  which  leads  over  guide  pulle3''s  to  weights.     The  tension  in  the 
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belt  is  thus  definitely  determined  by  the  weight  and  is  independent  of 
slight  variations  of  belt  length  from  whatever  cause.  The  load  on  the 
journals  is  therefore  constant  and  definitely  known.  The  only  pos- 
sible variable  is  in  the  friction  of  the  loose  pulleys  on  the  swings 
These  loose  pulleys  were  ordinary  tight  pulleys  picked  up  around  the 
shop  and  arranged  for  oiling  through  the  set  screw  holes  and  by  the 
addition  of  channels.  The  friction  was  kept  as  near  constant  as 
possible  by  oiling  at  the  beginning  of  every  test.  This  answered 
fairly  well  except  for  two  tests  in  which  the  rather  small  dimensions 
of  the  hubs  gave  rise  to  heating  under  the  abnormally  high  belt  ten- 
sions used. 

17  Of  such  swings  eight  were  employed.  All  were  mounted  on 
the  same  side  of  the  shaft  to  avoid  any  uncertainty  in  load  conditions 
that  might  have  resulted  from  a  possible  balancing  of  pull  from  oppo- 
site sides. 

18  Speeds  and  dimensions  of  shafts,  pulleys,  loose  pulleys  and 
loose  pulley  hubs,  belts  and  belt  material  are  marked  in  Fig.  2.  The 
drive  was  supplied  by  a  10  h.p.  motor  from  the  floor.  The  tension  of 
the  main  belt  was  kept  constant  by  a  weighted  idler  pulley  bearing 
on  its  driving  side. 

19  Constancy  of  line  shaft  speed  was  assured  by  a  rheostat  in- 
serted in  the  field  of  the  110-volt,  direct-current,  shunt-wound  motor 
and  the  use  of  a  Warner  tachometer  connected  to  the  motor.  The 
electrical  measurements  taken  were  the  voltage  across  the  motor  ter- 
minals and  ammeter  readings  of  the  armature  and  field  currents. 
The  electrical  and  mechanical  losses  of  the  motor  were  determined 
from  electrical  resistance  and  no  load  tests.  These  motor  losses  were 
deducted  from  the  total  electrical  output,  the  balance  being  the  power 
consumed  by  the  line  shaft  system  in  journal  friction,  in  loose-pulley 
hub  friction,  in  belt  bending  and  creep,  in  the  motor  belt  tension  idler 
and  in  windage.  All  instruments  used  were  calibrated  before  and 
after  the  tests. 

METHOD    OF   TESTING 

20  The  tests  were  divided  into  two  duplicate  series,  the  first,  A 
with  plain  bearings  on  the  line  shaft;  the  second,  B,  with  ball  bearings 
on  the  line  shaft.  The  sole  variable  was  therefore  that  of  the  line 
shaft  as  affected  by  the  change  from  plain  to  ball  bearings. 

21  In  each  series  the  effect  of  varying  loads  was  determined  by 
changing  the  belt  tension  by  approximately  equal  increments  from  20 


LINE   SHAFT   EFFICIENCY  1315 

to  90  lb.  per  inch  width  of  single  belt.  This  was  supplemented  by  a 
test  with  all  of  the  belts  removed  except  the  driving  belt  from  the 
motor,  leaving  only  the  weight  of  shaft  and  pulleys  for  journal  loads. 

22  Each  test  lasted  forty  minutes  of  running  time;  a  reading  of 
the  various  instruments  was  taken  every  two  minutes.  That  means 
a  total  of  10  hrs.  40  min.  with  a  total  of  960  recorded  readings. 

23  The  loads  on  the  line-shaft  journals  ranged  from  126  to  662 
lb.  per  journal;  for  the  2  j^-in.  by  10-in.  ring-oihng  babbitted  bearings 
this  gives  loads  ranging  from  5.2  lb.  to  27.3  lb.  per  sq.  in.  of  projected 
area.  For  the  ball  bearings  used,  each  of  which  had  12  balls  of  ^-in. 
diameter,  the  load  per  ball  was  from  10.5  lb.  to  55.2  lb. 

24  It  is  pertinent  to  mention  that  these  bearings  have  so  far  a 
record  of  nearly  five  years  constant  service  under  loads  corresponding 
to  about  three-fourths  of  the  maximum  cited  and  show  no  evidence 
of  wear.  In  that  period  they  were  lubricated  but  three  times,  once 
when  put  up,  once  for  the  test  and  once  incidental  to  a  shop  moving. 

RESULTS  SHOWN  BY  THE  TABLES 

25  Details  of  the  loading  of  the  line  shaft  bearings  and  of  the 
swing  or  countershaft  idlers  are  given  in  Tables  1  and  2.  Table  3 
gives  the  averaged  electrical  readings  for  each  test.  Table  4  gives 
electrical  readings  with  the  power  in  kilowatts  delivered  to  the  belt 
and  the  percentage  of  saving  due  to  the  ball  bearings.  In  the  sup- 
plement to  Table  4  is  explained  the  derivations  of  the  colunms  in 
Table  4  in  reference  to  the  deduction  of  motor  losses  from  total  input. 

26  Table  4,  last  column,  shows  that  the  saving  due  to  changing  ten 
2]^-in.  plain  ring-oiling  babbitted  bearings  running  at  214  r.p.m. 
to  the  ball  bearings  increases  with  increasing  belt  tensions  from  14 
per  cent  to  36  per  cent.  With  the  more  usual  belt  tensions  of  good 
practice  ranging  from  44  lb.  to  57  lb.  per  inch  width  of  single  belt 
(tests  3  and  4),  the  saving  amounts  to  36  per  cent  and  35  per  cent. 

DISCUSSION    OF    RESULTS 

27  Tests  5  and  6  with  belt  tensions  of  70  lb.  and  83  lb.  per  inch 
width  of  single  belt  show  lower  savings  of  only  25  per  cent.  This 
falling  off  is  due  to  the  fact  that  the  pressures  were  too  high  for  the 
loose  pulley  hub-bearing  surfaces,  causing  excessive  heating  and  losses. 
This  reduction  of  25  per  cent  does  not  indicate  a  smaller  actual  saving 
due  to  the  ball  bearings,  but  simply  that  the  increase  was  due  to 
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TABLE  3     AVERAGE  ELECTRICAL  READINGS  FOR  EACH  TEST 


Test  No. 

Date 
1908 

Total 
Resultant 
Loads  on 

LiNESHAFT 

Bearings 
Lbs. 

Ave. 
Resultant      Total         Supply 
Pressures  Kw.  Taken  Pressure 
on  Idlers  from  Line     Volts 

Lbs.       1 

Ave. 

Armature 

Current 

Amperes 

Ave.  Field 
Current 
Amperes 

lA 

2/4 

2349.6 

111.3 

1.375 

111.0 

10.43 

1.96 

IB 

2/6 

1.302 

109.6 

10.1 

1.79 

2A 

2/4 

2762 

194.9 

1.560 

109.5 

12.3 

1.92 

2B 

2/6 

1.372 

109.5 

10.75 

1.78 

3A 

2/4 

3261.5 

277.6 

1.842 

109.6 

14.9 

1.96 

3B 

2/6 

1.516 

110.0 

12.0 

1.82 

4A 

2/4 

3792.5 

361.2 

2.051 

108.6 

17.1 

1.82 

4B 

2/6 

1.653 

110.0 

13.25 

"  1.81 

5A 

2/4 

4377 

444.7 

2.098 

110.6 

17.1 

1.91 

5B 

2/7 

1.802 

109.4 

14.7 

1.81 

6A 

2/4 

4977 

528.1 

2.238 

109.9 

18.4 

1.92 

6B 

2/7 

1.933 

110.0 

15.8 

1.78 

7A 

2/1 

2000 

0 

0.479 

110.0 

4.00 

0.366 

IB 

2/6 

0.381 

103.0 

3.33 

0.381 

8A 

2/4 

2070 

0 

1.107 

111.0 

8.00 

1.98 

8B 

2/7 

0.955 

110.0 

6.75 

1.93 

Tests  7 A 
856  r.p.m. 


and  75  made  with  1-h.p.  motor.     All  other  tests  made  with  10-h.p.  motor.     Motor, 
Line  shaft  214  r.p.m. 
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TABLE  4     ELECTRICAL  READINGS  ,NEW  POWER  IN  KILOWATTS,  AND  PERCENT- 
AGE OF  SAVING  DUE  TO  BALL  BEARINGS 


d 

1 

z 

a 

< 
.  « 

si 
I- 

\A 

1.375 

\B 

1.302 

2A 

1.560 

2B 

1.372 

3.1 

1.S42 

SB 

1.516 

4A 

2.051 

4B 

1.653 

5A 

2.098 

5B 

1.802 

6A 

2.238 

6B 

1.933 

7A 

0.479 

7B 

0.381 

8A 

1.107 

8B 

0.955 

111.0X1.96  =  217 
109.6X1.79=196 
109.5X1.92  =  210 
109.5X1.78=195 
109.6X1.95  =  214 

110  X  1.82  =  200 
108.6X1.82=198 
■110  XI. 81  =  199 
110.5X1.91  =  211 
109.4X1.81  =  198 

109.9X1.92  =  211 
110      X  1.78=  196 

110  X0.366=  40 
103    X0.381=   39 

111  X  1.98=220 

110     XI. 93X212 
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K  DO  K 

CO  O  CQ 

-J  I  - 


1% 

p  m 
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P  <"  1  P  a, 


1158    11 
1106    10 


1350 
1177 
1628 

1316 
1853 
1454 


1887|  29 

1604   22 

I 
2027[  34 

1737    25 

439   48 

343   34 


1.0 
1.0 
1.2 
1.2 
1.5 

1.2 
1.7 
1.3 
1.7 
1.5 

1.8 

1.6 

12.0 

10.1 


go 

O  H 


1147 
1096 
1335 
1165 
1606 

1302 
1824 
1436 
1858 
1582 

1993 

1712 

391 

309 


o     s 

O       CU 


Z      U5 
•<  00  00 


106.6 

X =1112 

110 


+^ 


586  +  60 


100.7 
^108r6=^01«^^  +  «0 
105.2 

^108:^=^29"  !^"^+«o 

100.4  ' 

X-— ^=1079      552  +  60 

106.3 
X^^g^  =  1579      585  +  60 


887     6     0.8     881 


743 


0.7 


738 


101.8 

X = 

108.8 

101.8 

X = 

106.9 

101.4 

X = 

108.7 

104.9 

X = 

108.8 

101.4 

X = 

107.9 


,105.2 
lOSTl" 
100.4 
108.4" 
92.5 


95.4 
■   92.9' 
,107.3 
110.2' 


,105.6 
109.3° 


=  1218 
=  1737 
=  1340 
=  1791 
=  1487 

=  1940 
=  1586 
=  369 
=317 
=858 


560  +  60 
560  +  60 
558  +  60 

557  +  60 

558  +  60 

579  +  60 

552  +  60 

76  +  25 

81+25 

590+60 


=  713   581  +  60 


f  a 


(SCO 


Of: 


0.466 
0.402 
0.660 
0.467 
0.934 

0.698 
1.117 
0.722 
1.154 
0.869 

1.301 
0.974 
0.268 
0.211 
0.208 

0.072 


fe? 


14 


29 


36 


35 


25 


25 


21 


65 
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SUPPLEMENT  TO  TABLE  4 


For  10-h.p.  motor  :  armature  resistance  =  0.04  ohms,  and  brush  contact  resistance  =  0.05 
ohms  to  0.06  ohms  (2.5  sq.  in.)  for  current  densities  not  greater  than  7.5  amperes  per  sq.  in,; 
hence  drop  in  armature  and  brush  contact  =  0.1  ohms  X  armature  current,  also  loss  in  armature 
resistance  and  brush  contact  resistance  =  0.1  ohms  X  (armature  current).^ 

Iron  loss  =  5.5  amperes  X  e.m.f. 

856 

E.m.f.  with  1.6  amperes  in  field  =  (94  -  0.5)— rr  =  94.2;  with  2.0  field  amperes  = 

856 
(108—0.5)^-  =   108. 

field  current  —  1.6 
E.m.f.  with  any  field  current  at  856  r.p.m.  =  94.2  +  13.8  X  ^"T 

For  1  h.p.  motor  (tests  7 A  and  7B):  armature  resistance  =  2.5  ohms,  and  brush  contact 
resistance  =0.85  ohm  (     -  sq.   in.    X   —  )  ,  only  half  of  brush  in  contact;  drop  in  brush  contact 


^16  2 

for  4  amperes  {7 A)  =  2  volts,  and  for  3.33  amperes  (7B)  =   1.8  volts. 
Iron  loss   =     /o.SO   +   0.1    X  Aeld  current   -  0.35\    ^  ^  ^ 

V  0.7        ; 

856 

E.m.f.  with  0.35  amperes  in  field  =   (95-0.8  X  3.35)  =  89.4  volts;  with  0.42  field  cur- 

884 

rent  -    (109    -    3.1)  =   103  volts. 

880 

E.m.f.  with  any  field  current  =  89.4  +   13.6  X     A^ld  current    -  0.35  _ 

0.7 


improper  excessive  friction  in  the  loose  pulley  hubs,  particularly  dur- 
ing the  "  B  "  runs.  The  pressure  on  the  smallest  countershaft  pulley 
bearing  surface  during  these  tests,  Nos.  5  and  6,  rose  to  124  lb.  and 
148  lb.  per  sq.  in.  of  projected  area,  respectively,  which  are  excessive 
values. 

28  Tests  7  and  8  were  with  all  the  belts  off  and  the  line  shaft 
journals  consequently  sustaining  only  the  weight  of  the  shaft  and  pul- 
leys and  the  pull  of  the  one  driving  belt.  The  great  discrepancy  be- 
tween a  saving  of  21  per  cent  and  65  per  cent  for  apparently  similar 
conditions  needs  explanation.  Test  7  was  made  with  a  small  1-h.p. 
motor;  for  test  8  the' same  10-h.p.  motor  used  for  the  other  tests  was 
employed.  On  subsequent  examination  it  was  found  that  the  small 
motor  bearings  were  badly  in  need  of  oil  and  quite  hot.  A  no  load 
reading  of  this  motor  showed  250  watts,  which  dropped  to  100  watts 
after  oiling,  a  difference  of  0.15  k.w.  Deducting  this  from  the  read- 
ings of  0.268  and  0.211  gives  0.118  and  0.061,  the  latter  representing 
a  saving  of  52  per  cent  which  compares  reasonably  well  with  test  8. 
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DERIVATION    OF    CONSTANTS    FOR    USE    IN    ESTIMATING    LOSSES 

29  While  the  conditions  of  loading  in  this  series  of  tests  certainly 
include  those  of  general  practice  and  it  may  thus  be  safely  inferred 
that  the  saviugs  here  shown  may  be  generally  realized,  it  is  still  desir- 
able to  derive  constants  that  msiy  be  applied  to  any  set  of  conditions. 

30  The  losses  incurred  are:  Line  shaft  journal  friction;  counter- 
shaft journal  friction;  belt  slip  and  resistance  to  bending;  belt  and 
pulley  windage.  The  last  two  may  be  safely  neglected  as  not  being 
a  serious  percentage  of  the  total  power  losses  under  the  average  shop 
conditions  although  they  may  become  a  serious  percentage  under 
very  light  loads. 

31  For  good  ball  bearings  the  coefficient  of  friction  is  known  to  be 
close  to  0.0015.  For  plain  bearings  the  coefficient  of  friction  may  be 
taken  at  an  average  value  of  0.03  under  good  conditions.  For  plain 
countershaft  bearings  the  coefficient  of  friction  may  also  be  taken  at 
an  average  value  of  0.03  under  good  conditions. 

32  Under  the  conditions  of  this  test  the  countershaft  bearings  were 
replaced  by  the  hubs  of  loose  pulleys  on  the  swings.  With  the  very 
primitive  oiling  conditions  and  the  rather  high  pressures  the  coefficient 
of  friction  here  may  be  safely  taken  as  high  as  0.08. 

Let  L  =  load  in  pounds. 

d  =  shaft,  diameter  in  inches. 
S  =  shaft  speed  in  r.p.m. 
//.,_,  =  0.03  =  coefficient  of   friction   for   plain   ring   oiling 

bearings. 
//]  =  0.08  =  coefficient  of  friction  for  loose  pulley  bearings, 
/ib  =  0.0015  coefficient  of  friction  for  ball  bearings, 
kw.  =  power  consumed  in  kilowatts. 

i).74Q7idLSu 

Kw    = 

12  X  33000 

=  0.000,0059  L(/s/£ 

and  for  d  =  2tV  in.,  S  =  214;  Kw.  =  0.00308  Lfi  . 

33  This  works  out  for  the  various  total  loads  (Table  4)  of  the  six 
tests : 

LINE  SHAFT  LOSSES  IN  KILOWATTS 

Load  in  pounds 2350  2762  3262  3793  4377  4977 

Plain  Bearings,  Kw 0.217         0.255         0.301         0.350         0.405         0.460 

Ball  Bearings.  Kw 0.011         0.013         0.015         0.018         0.020         0.023 
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34  The  loose  pulleys  on  the  countershafts  had  various  diameters 
and  speeds,  given  in  Fig.  2.  The  sum  of  the  products  of  these  cor- 
responding diameters  and  speeds  is  3060.  For  this,  kw.  =  0.018  L/i  . 
This  works  out  for  the  various  average  loads  (Table  5)  of  the  six  tests : 

COUNTERSHAFT  LOSSES  IN  KILOWATTS 

Loads  in  pounds 111.3         194.9         277.6         361.2         444.7         528.1 

Countershaft.  Kw 0.160         0.280         0.400         0.520         0.640         0.760 

35  Adding  these  countershaft  losses  to  the  plain  and  then  to  the 
ball  bearing  losses  above  gives 

TOTAL  LOSSES 

Plain  Bearings,  Kw 0.377  0.535         0.701  0.870  1.045  1.220 

Ball  Bearings,  Kw 0.171         0.293         0.415         0.538         0.660         0.783 

COMPARISON  OF  ACTUAL  AND  CALCULATED  LOSSES 

36  In  order  to  make  convenient  comparisons  of  these  calculated 
losses  with  those  found  by  measurement  they  are  tabulated  and  com- 
pared as  follows: 

TOTAL  LINE  AND  COUNTERSHAFT  POWER  SAVINGS    COMPARED 


Tests  12  3  4  5  6 

Plain  bearings,  calculated,  Kw 0.377     0.635     0.701     0.870     1.045     1.220 

Ball  "  "  "     0.171     0.293     0.415     0.538     0.660     0.783 


Calculated  savings  due  to  ball  bearings,  Kw 0.206  0.242  0.286  0.332  0.385  0.437 

Savings  expressed  as  per  cent 55           45  41  38  37  36 

Plain  bearings,  measured  Kw 0.466  0.660  0.934  1.117  1.154  1.301 

Ball           "              "              "         0.402  0.467  0.598  0.722  0.869  0.974 

Measured  savings  due  to  ball  bearings  Kw 0.064  0.193  0.336  0.395  0.285  0.327 

Savings  expressed  as  per  cent 14           29  36  35  25  25 


37  A  comparison  of  the  calculated  per  cent  of  saving  with  the 
measured  per  cent  of  saving  as  given  in  the  preceding  table  shows  a 
fair  correspondence  in  tests  3  and  4  but  a  considerable  divergence 
for  tests  1 — 2 — 5 — 6.  Now  1  and  2  are  for  very  light  loads  and  the 
difference  may  probably  be  accounted  for  as  due  to  the  neglected  belt 
resistances  and  windage.  As  these  are  constant  and  probably  inde- 
pendent of  the  load,  they  are  a  large  factor  for  light  loads  and  less 
so  for  heavier  loads. 
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38  Tests  5  and  6  showed  abnormal  losses  in  the  countershafts, 
accounted  for  by  serious  overheating  of  the  loose  pulley  hubs. 

CONCLUSIONS    FROM    TESTS    MADE    UNDER     NORMAL    BELT    CONDITIO>JS 

39  Fortunately  tests  3  and  4  were  made  under  conditions  of  nor- 
mal belt  tensions  of  44  and  57  lb.  per  inch  width  of  single  belt  and  so 
indicate  that  the 

a  Savings  due  to  the  substitution  of  ball  bearings  for  plain 
bearings  on  line  shafts  may  be  safely  calculated  by  using 
0.0015  as  the  coefficient  of  ball  bearing  friction,  0.03  as  the 
coefficient  of  line  shaft  friction,  and  0.08  as  the  coefficient 
of  countershaft  friction. 

6  When  the  belts  from  lineshaft  to  countershaft  pull  all  in 
one  direction  and  nearly  horizontally  the  saving  due  to  the 
substitution  of  ball  bearings  for  plain  bearings  on  the 
lineshaft  may  be  safely  taken  as  35  per  cent  of  the  bearing 
friction. 

c  When  ball  bearings  are  used  also  on  the  countershafts  the 
savings  will  be  correspondingly  greater  and  may  amount 
to  70  per  cent  or  more  of  the  bearing  friction. 

d  These  percentages  of  savings  are  percentages  of  the  friction 
work  lost  in  the  plain  bearings;  they  are  not  percentages 
of  the  total  power  transmitted.  The  latter  percentage 
will  depend  upon  the  ratio  of  the  total  power  transmittted 
to  that  absorbed  in  the  line  and  countershafts. 

e  The  power  consumed  in  the  plain  line  and  countershafts 
varies,  as  is  well  known,  from  10  to  60  per  cent  in  different 
industries  and  shops.  The  substitution  of  ball  bearings 
for  plain  bearings  on  the  line  shaft  only,  under  conditions 
of  paragraph  "  a  "  will  thus  result  m  savings  of  total  power 
of  35  X  0.10  ==  3.5  per  cent  to  35  X  0.60  =  21  per  cent. 
By  using  ball  bearings  on  the  countershafts,  also  the  sav- 
ing of  total  power  will  be  from  70  X  0.10  =  7  percent  to 
70  X  0.60  =  42  per  cent. 

EXPENDITURE  REQUIRED  TO  EFFECT  POWER  SAVING 

40  While  power  saving  is  of  interest  and  desirable  the  man  respon- 
sible for  the  earning  of  dividends  will  want  to  know  what  it  costs  to 
bring  about  such  power  saving  and  what  the  investment  involved 
will  pay. 
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41     A  reference  to  the  bearing  cost  of  this  test  will  give  the  answer. 

Ten  2r>;-in.  by  16-in.  drop  ball  bearing  hangers,  ocmplete  cost $212 .  60 

Ten  2x"6-in.  by  16-in  drop  ring  oiling  hangers,  complete  cost 84 .  00 

Extra  investment     $128.60 
Value  of  saving  of  0.395  kw.   at  3  cents  per  kw.-hour  for  3000  hr.  per 

year $35 . 50 

(Conditions  of  test  No.  4  representing  average) 

This  saving  represents  on  the  extra  investment 27  per  cent 

A  closer  calculation,  taking  into  account  all  of  the  elements,  shows  a  still  better 
result: 

First  cost,  plain  bearing  installation,  $84.00 

Depreciation  at  20  years .$4 .  20 

Maintenance  Oil;  J  pt.  per  day  at  20  cents  per  gal 3 .  75 

Labor,  2  hr.  per  week  at  20  cents ' 20.80 

Total  $28.75 

First  cost  ball  bearing  installation,  $212.60 

Depreciation  at  20  years 10 .  13 

4  per  cent  interest  on  first  cost  difference 5.15 

Maintenance: 

Oil,  1  gal.  per  year .20 

Labor,  5  hr.  once  per  year 1 .  00 

Total  16.48 

Difference  $12.27 

Value  of  power  saving  of  0.395  kw.  at  3  cents  per  kw.-hr.  for  3000  hr. .  .  .       35 .  50 

Annual  saving  total  $47 .  77 

Annual  saving  as  return  on  extra  investment  of  $128 .  60  =  37  per  cent 


AN  ELECTRIC  GAS  METER 

By  Prof.  Carl  C.  Thomas,  Madison,  Wis. 
Member  of  the  Society 

The  meter  described  in  this  paper  is  designed  for  measuring  the  rate 
of  flow  of  gas,  air  or  steam.  The  operation  of  the  meter  depends 
upon  the  principle  of  adding  electrically  a  known  quantity  of  heat 
to  the  gas  and  determining  the  rate  of  flow  by  the  rise  in  temperature 
of  the  gas  between  inlet' and  outlet  of  the  meter.  This  principle  lends 
itself  to  the  operation  of  a  meter  possessing  the  following  character- 
istics: 

a  There  are  no  moving  parts  inside  the  meter  or  in  contact 
with  the  gas. 

b  The  accuracy  of  the  meter  and  its  sensitiveness  are  independ- 
ent of  the  rate  of  flow  of  gas,  and  of  fluctuations  in  pres- 
sure and  temperature. 

c  The  meter  may  be  used  to  measure  gas  at  high  pressure  as 
well  as  at  low  pressure,  and  is  independent  of  small  fluctua- 
tions in  pressure,  such  as  those  in  the  discharge  from  an 
air  compressor  or  in  the  suction  of  a  gas  engine. 

d  The  meter  produces  a  continuous  autographic  record  show- 
ing the  rate  of  flow  and  its  variation. 

e  Meters  of  comparatively  very  small  size  have  very  large 
capacity. 

/  The  meter  may  be  opened  for  inspection,  for  blowing  out 
accumulated  matter  with  an  air  blast,  or  for  washing  with 
gasolene,  and  it  can  be  dismantled  to  any  extent  desired 
without  interfering  with  the  operation  of  the  plant. 

2  Fig.  1  shows  the  meter  as  constructed  for  gas  or  air  measure- 
ment, and  Fig.  2  shows  the  exterior  of  the  meter,  of  which  Fig.  1  is  a 
section.  The  meter  consists  of  two  parts,  first,  the  measuring  ele- 
ment A  (Figs.  1,  3  and  4),  through  which  all  the  gas  passes  when  the 

All  papers  are  subject  to  revision. 
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meter  is  in  operation;  and  second,  a  by-pass,  B  (Fig.  1),  so  arranged 
that  the  meter  can  be  readily  cut  off  from  the  gas  main  by  operation 
of  the  valves  C,  when  it  is  desired  either  to  operate  without  the  meter 
for  the  purpose  of  inspecting  or  cleaning  out,  or  to  cut  the  meter  out 
altogether  for  any  reason.  In  certain  classes  of  gas  work,  rolling 
valves,  such  as  are  shown  at  C,  have  been  found  to  give  trouble, 
while  in  other  classes  of  work  they  are  satisfactory.  The  gate  valves 
customarily  used  in  gas  work  can  be  substituted  for  rolling  valves 
as  occasion  requires,  and  the  by-pass  can  be  made  up  of  ordinary 
pipe  and  fittings  instead  of  being  a  part  of  the  meter. 


Fig.  2      View  Showing  the  Comparative  Size  of  the  Thomas  Electrec  Gas 

Meter  (at  the  Lower  Left-Hand  Corner)  and  the  Ordinary  Wet 

Gas  Meter  of  the  Same  Capacity 


3  The  meter  consists  of  an  electric  heater  D  (Fig.  1  and  Fig.  4) , 
formed  of  suitable  resistance  material  disposed  across  the  gas  pas- 
sage in  such  a  way  as  to  impart  heat  uniformly  and  at  a  regular  rate 
to  the  gas  passing  through  the  meter.  The  temperature  of  the  gas 
is  thus  raised  from  that  at  entrance  to  some  higher  exit  temperature, 
and  the  rise  of'^temperature  is  measured  and  autographically  recorded 
by  means  of  the  two  electrical  resistance  thermometers  E  (Fig.  1  and 
Fig.  4) ,  on  the  two  sides  of  the  heater. 


1328 


AN   ELECTRIC   GAS   METER 


4  These  thermometers  consist  of  wire  wound  upon  vertical  tubes 
so  disposed  as  to  come  in  contact  with  all  the  gas  passing  through  the 
meter,  thereby  indicating  the  average  temperature  over  the  cross  sec- 
tion of  the  gas  passage.  The  fifteen  tubes  shown  at  the  right  of  Fig. 
1,  and  also  shown  in  Fig.  3  and  Fig.  4,  extending  in  a  vertical  direc- 
tion over  the  cross-section  of  the  meter,  support  the  resistance  wire 
of  the  thermometers  so  as  to  afford  a  rugged  construction.     These 


Fig.  3     Heater  Unit  and  One  of  the  Resistance  Thermometers 


thermometers  are  connected  to  a  recorder  (Fig.  2  and  Fig.  5),  which 
draws  a  line  on  a  chart  and  thus  indicates  the  difference  of  tempera- 
ture between  the  two  thermometers. 

5  A  typical  diagram  is  shown  in  Fig.  G  This  diagram  represents 
a  gas  flow  of  from  90,000  to  85,000  cu.  ft.  per  hr.,  taken  during  a  por- 
tion of  the  day  when  the  fluctuation  in  flow  is  small,  but  nevertheless 
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continuous.     Every  small  fluctuation  in  quantity  of  flow  is  recorded 
on  the  diagram. 

6  The  diagram  in  Fig.  7  was  made  during  a  period  in  which  the 
flow  varied  extensively,  the  smallest  amount  recorded  being  about 
17,000  cu.  ft.  per  hr.,  increasing  to  45,000,  then  to  62,000,  to  75,000, 
the  record  ending  at  a  flow  of  about  32,000  cu.  ft.  per  hr. 

7  The  record  in  Fig.  6  was  made  with  a  temperature  difference  of 
about  4  deg.  fahr.  between  the  two  thermometers,  and  an  energy 
input  of  approximately  2  kw.     The  energ}'  input  when  the  record 


Fig.  4     Showing  Construction  of  Heater  and  Thermometers 


in  Fig.  7  was  made  was  approximately  1.15  kw.  Fig.  6  is  a  typical 
record  for  a  meter  of  normal  capacity  of  100,000  cu.  ft.  per  hr.,  with 
an  electric  input  of  2  kw. 

8  The  principle  underlying  the  measurement  of  gas  by  this  means 
is  as  follows :  If  gas  is  flowing  through  the  heater  at  a  given  uniform 
and  constant  rate,  and  if  heat  is  being  supplied  electrically,  and  im- 
parted to  the  gas  at  a  constant  rate,  a  certain  definite  rise  of  temper- 
ature will  be  produced  in  the  gas  during  its  passage  between  the  two 
thermometers  and  through  the  heater,  and  this  constant  difference 
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Fig.  5    Recording  and  Operating  Instrument 
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of  temperature  will  be  maintained  so  long  as  the  amount  of  gas  passing 
per  unit  of  time  is  constant.  But  if  the  quantity  of  gas  passing  per 
unit  of  time  diminishes,  the  heat  supplied  at  the  same  constant  rate  as 
before  will  raise  the  temperature  of  the  gas  by  a  greater  amount  than 
was  the  case  when  a  larger  quantity  of  gas  was  flowing  and  absorbing 
the  energy  liberated  by  the  heater.  Conversely,  if  the  rate  of  flow 
increases,  the  energy  being  supplied  to  the  heater  and  delivered  to  the 
gas  will  not  be  able  to  raise  the  temperature  by  as  great  an  amount 
as  when  the  rate  of  flow  was  less.  The  temperature  difference  pro- 
duced by  a  known  input  of  electrical  energy  thus  forms  a  measure  of 
the  quantity  of  gas  flowing  through  the  meter. 

9     The  meter  may  be  operated  in  either  one  of  two  ways,  of  which 
the  first  is  as  follows:  the  difference  of  temperature  between  inlet  and 
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Fig.  6    Autograph  Record  Showing  Gas  Flow  of  about  87,000  cu.  ft. 

PER  Hour 

note:     this  diagram  was  taken  under  approximately  steady  conditions  of  flow 

DURING  the  regular  OPERATION  OF  ONE  OF  THE  PLANTS  OF  THE  MILWAUKEE  GAS  LIGHT  COM- 
PANY. THE  PAPER  IN  THIS  CASE  WAS  TRAVELING  AT  A  RATE  OF  3  IN.  PER  HOUR.  THE  RECORDER 
CAN  BE  SET  FOR  ANY  ONE  OF  THREE  SPEEDS  OF  PAPER,  3  IN.,  6  IN.,  OR  12  IN.  PER  HR.  THE  HIGHER 
SPEEDS  ARE  DESIRABLE  AS  THEY  SMOOTH  OUT  THE  CURVE  OF  TEMPERATURE  DIFFERENCES.  THE 
SCALE  OP  TEMPERATURE  DIFFERENCES  CAN  ALSO  BE  GREATLY  ENLARGED  IF  DESIRED. 


outlet  is  kept  constant,  and  the  watts  required  to  maintain  this  con- 
stant difference  of  temperature  vary  directly  as  the  weight  of  flow. 
The  watts  input  thus  forms  the  measure  of  the  weight  of  flow  of  air 
or  gas,  the  watts  being  measured  by  a  recording  wattmeter,  or  in 
some  cases  by  an  integrating  wattmeter.  The  fixed  difference  of  tem- 
perature (about  5  deg.  fahr.)  is  maintained  by  the  action  of  a  device 
made  upon  the  same  principle  as  the  well-known  autographic  tem- 
perature recorders  used  in  connection  with  resistance  thermometers, 
but  without  the  autographic  part. 


1332  AN    ELECTRIC   GAS   METER 

10  The  mechanism  which  actuates  the  pen  carriage  in  the  auto- 
graphic recorder  is  so  arranged  that  when  the  carriage  tends  to  de- 
part from  the  straight-line  path  indicating  a  constant  difference  of 
temperature  it  automatically  cuts  in  and  out  the  resistance  necessary 
in  order  to  maintain  the  fixed  difference  of  temperature.  This  varia- 
tion of  energy  input  is  accomplished  by  a  small  motor-controlled 
rheostat  mounted  on  the  switchboard.  Thus  as  the  rate  of  flow  of 
gas  is  increased,  the  temperature  difference  tends  to  decrease,  and  at 
once  additional  energy  is  introduced  sufficient  to  heat  the  increased 
weight  of  gas  so  as  to  maintain  the  constant  temperature  difference. 
This  method  of  operation  is  advantageous  because  it  does  not  require 
the  maintenance  of  a  constant  voltage  on  the  line  supplying  the  energy 
for  heating  the  gas.  The  accuracy  is  thus  independent  of  the  small 
fluctuations  in  voltage  generally  found  on  electric  supply  circuits. 

11  The  second  method  of  operation  involves  the  use  of  the  auto- 
graphic temperature  recorder,  including  the  graphical  part,  the  dia- 
gram from  which,  representing  the  variation  of  difference  of  tempera- 
ture with  constant  energy  input,  gives  the  measure  of  the  quantity 
of  gas  passing  the  meter.  That  is,  the  electrical  resistance  of  the 
meter  remains  constant,  and  the  meter  is  supplied  with  current  at 
constant  voltage,  which  results  in  constant  energy  dissipation  in  the 
meter.  The  difference  of  temperature  between  inlet  and  outlet  then 
rises  and  falls  according  to  the  decrease  or  increase,  respectively,  of 
the  rate  of  flow  of  gas. 

12  The  first  method  of  operation  mentioned  is  superior  to  this 
second  method,  inasmuch  as  the  first  is  independent  of  any  change 
which  might  take  place  in  the  electrical  resistance  of  the  material 
composing  the  heater.  Operation  by  the  second  method  requires 
that  constant  voltage  be  maintained  across  the  line,  and  that  the 
electrical  resistance  of  the  [heater  shall  remain  [constant,  or  else 
that  both  watts  input  and  temperature  difference  shall  be  recorded. 
In  the  experimental  work  of  developing  the  meters  it  has  been  found 
convenient  to  use  this  second  and  more  cumbrous  method,  but  in 
meters  at  present  under  construction  the  first-mentioned  method  has 
been  adopted,  thus  avoiding  the  necessity  for  either  constant  voltage 
or  constant  resistance,  and  resulting  in  simpler  apparatus  through- 
out. A  record  of  the  watts  input  is,  by  the  method  now  used,  all  that 
is  required  for  determining  the  flow  of  gas  through  the  meter.  The 
meters  can  be  arranged  to  operate  with  either  direct  or  alternating 
current,  and  the  controlling  device  can  be  arranged  to  work  with  any 
desired  voltage. 
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13  Fig.  2  shows,  at  the  lower  left-hand  corner,  an  electric  gas 
meter  together  with  its  autographic  recorder  and  switchboard  con- 
trol. This  electric  meter  is  used  for  measuring  all  of  the  gas  which  was 
formerly  passed  through  the  large  wet  meter  shown  in  the  figure,  and 
is  of  sufficient  capacity  to  enable  it  to  measure  about  three  times  the 
amount  of  gas  for  which  the  wet  meter  is  suited.  The  electric  meter 
was  placed  in  this  position  between  a  100,000  cu.ft.  gas  holder  and 
the  large  station  wet  meter,  for  the  purpose  of  calibrating  the  electric 
meter  and  comparing  the  results,  based  upon  the  rate  of  drop  of  the 
gas  holder,  with  the  readings  of  the  wet  meter.  The  curve  obtained 
from  the  autographic  recorder  was  thus  interpreted  by  means  of  the 
calibration  carried  on  in  connection  with  the  gas  holder,  the  wet 
meter  and  a  meter  prover  of  the  largest  size  made.  It  was  found  that 
the  wet  meter  used  in  this  case  was  exceedingly  accurate.  It  had 
been  carefully  put  in  order  and  calibrated  before  these  tests,  and  when 
operated  at  loads  within  its  capacity,  the  readings  were  entirely  relia- 
ble. The  best  evidence  of  this  is  given  by  the  results  used  in  plotting 
Fig.  8. 

1-1  The  specific  heat  of  a  given  kind  of  gas  appears  to  be  very 
nearly  constant,  since  those  constituents  which  vary  from  time  to 
time  are  not  those  which  appreciably  affect  the  value  of  the  specific 
heat.  But  it  is  desirable  to  calibrate  the  meters  with  a  gas  having  the 
same  specific  heat  as  the  gas  which  it  is  intended  to  measure  in  a  par- 
ticular case.  The  specific  heat  of  illuminating  gas  is  very  closely 
0.020  per  cu.  ft.  at  atmospheric  pressure,  as  shown  by  Fig.  8  and  also 
by  the  following  calculation  based  upon  a  fairly  typical* analysis. 
Such  variation  as  commonly  occurs  in  the  relative  amounts  of  the 
various  constituents  does  not  materially  affect  the  specific  heat. 

Vol.  cu.  ft.       Weight  per    Total  Weight  Specific  Heat  Specific  Heat 


cu.  ft.,  lb. 

lb. 

per  lb. 

per  cu.  ft, 

C02 

0.04 

0.11637 

0.004658 

0.216 

0.00100 

C2H4 

0.11 

0.0741 

0.00815 

0.404 

0.00329 

0. 

0.001 

0.08463 

0.00085 

0.217 

0.00023 

CO 

0.331 

0.07407 

0.02450 

0.245 

0.00600 

CH, 

0.1761 

0.04234 

0.00746 

0.593 

0.00442 

H, 

0.303 

0.00530 

0.00160 

3.409 

0.00546 

N. 

0.0389 

0.07429 

0.00289 

0.244 

0.00071 

0.02111 


15     The  specific  heat  of  blast-furnace  gas  is  practically  the  same 
as  that  of  atmospheric  air,  and  the  same  is  true  m  a  general  way  regard- 
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ing  producer  gas.  Thus,  taking  the  following  as  an  average  analysis 
of  blast-furnace  gas,  the  specific  heat  is  found  to  be  0.0192,  while 
atmospheric  air  has  a  specific  heat  almost  identical  with  this,  or 
approximately  0.0191  per  cu.  ft.  This  is  to  be  expected,  since  pro- 
ducer gas  and  blast-furnace  gas  consist  principally  of  nitrogen  and 
carbon  monoxide. 

Vol.  cu.  ft.  Weight  per  Total  Weight  Specific  Heat  Specific  Heat 

cu.  ft.,  lb.  lb.  per  lb.  per  cu.  ft. 

Nj                        0.60  0.0743  0.0446  0.244  0.0109 

CO                       0.24  0.0741  0.0178  0.245  0.0044 

COj                     0.12  0.1164  0.0140  0.216  0.0030 

Ha                        0.02  0.0053  0.0001  3.409  0.0003 

C,H^                    0.02  0.0741  0.0015  0.404  0.0006 


0.0192 


16  The  meters  have  been  calibrated  with  illuminating  gas  and 
with  air.  A  certain  amount  of  water  vapor  is  carried  with  the  gas 
or  air  passing  the  meter.  This  vapor  forms  part  of  the  gas  or  air, 
and  is  heated  just  as  are  the  other  constituents.  The  rise  of  tempera- 
ture caused  by  the  heat  added  in  the  meter  is  only  a  few  degrees,  and 
consequently  the  water  vapor  does  not  experience  a  change  of  state. 
The  temperature  of  the  metal  forming  the  electric  heater  rises  only 
15  or  20  deg.  fahr.  above  the  temperature  of  the  gas.  The  question 
of  latent  heat  of  vaporization  of  the  water  vapor  therefore  does  not 
enter  into  the  considerations  underlying  measurement  of  the  gas. 

17  While  calibration  of  the  meters  under  actual  conditions  of  ser- 
vice is  depended  upon  to  obtain  quantitative  results,  yet  these  meters 
are  of  such  a  nature  that  the  quantity  of  gas  or  air  passing  through 
them  can  be  very  closely  calculated  from  a  knowledge  of  the  energy 
input  and  the  specific  heat  of  gas  or  air.  This  fact,  that  the  quantity 
of  flow  can  be  quite  closely  calculated,  independently  of  a  calibration 
curve,  makes  it  pos.sible  to  check  the  accuracy  of  the  readings  obtained. 

18  The  development  of  this  meter  is  a  result  of  experiments  which 
the  writer  has  been  making  for  some  years  to  determine  the  specific 
heat  of  gases  by  heating  them  electrically.  The  performance  of  a 
properly  constructed  heater  for  this  purpose  proved  to  be  so  entirely 
regular  that  it  was  apparent  that  the  quantity  of  gas  flowing  through 
it  could  be  very  accurately  measured  by  the  method  now  used  in 
these  meters.  The  problem  is  thus  the  reverse  of  the  problem  of 
determining  specific  heat  by  measurement  of  the  electrical  energy 
necessary  to  heat  the  gas.     It  will  be  seen  by  reference  to  Fig.  1  that 
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the  whole  process  of  heating  the  gas  and  of  measuring  the  difference 
of  temperature  between  inlet  and  outlet,  is  accomplished  in  a  rela- 
tively small  space  which  is  well  insulated  so  far  as  heat  losses  are  con- 
cerned, since  the  heater  and  thermometers  are  contained  in  a  casing 
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made  of  hardwood  strips  and  separated  from  the  metallic  walls  of 
the  meter  by  an  air  space. 

19  A  typical  calibration  curve  is  shown  in  Fig.  8.  The  curve 
shows  the  degrees  rise  in  temperature  per  kilowatt  introduced  when 
any  given  rate  of  flow  through  the  meter  is  taking  place.  Itwillbc 
seen  that  this  curve  is  asymptotic  to  the  coordinate  axes,  because, 
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when  an  indefinitely  great  amount  of  gas  is  being  heated,  anj''  finite 
input  of  heat  will  produce  only  an  indefinitely  small  rise  of  tempera- 
ture ;  and  on  the  other  hand,  when  the  amount  of  gas  becomes  indefi- 
nitely small,  a  finite  input  of  heat  will  cause  an  indefinitely  great  rise 
of  temperature.  The  calibration  curves  obtained  are  therefore  rect- 
angular hyperbolas.  The  product  of  weight  of  gas  multiplied  by 
degrees  temperature  rise  per  watt  introduced  is  a  constant,  and  this 
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constant,  for  a  given  kind  of  gas,  takes  the  place  of  a  calibration  curve 

and  renders  it  unnecessary  to  refer  to  a  curve.     The  constant  as  shown 

3.412 
by  Fig.  8  is  170,000,  showing  a  specific  heat  per  cu.ft.  of      „      = 

0.0201. 

20  The  accuracy  of  these  meters  is  not  affected  by  changes  in 
pressure  of  the  gas  or  air,  since  the  unit  of  measurement  is  that  of 
weight  rather  than  of  volume;  that  is,  the  meter  takes  cognizance  of 
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the  specific  gravity,  or  the  amount  of  "  stuff "  in  a  given  volume  of 
the  gas.  Also  variation  of  temperature  of  the  incoming  gas  does  not 
affect  the  accuracy,  because  it  is  a  difference  of  temperature,  rather 
than  a  fixed  temperature,  upon  which  the  measurement  depends. 
The  meter  can  be  used  for  gas  or  air  at  either  high  or  low  pressure, 
and  at  either  high  or  low  temperature,  provided  the  materials  used 
in  construction  are  suited  to  the  conditions. 

21  This  method  of  measuring  gas  seems  especially  useful  in  con- 
nection with  engines  operated  by  gas  from  producers,  blast  furnaces, 
etc.,  and  in  measuring  the  discharge  of  gas  or  air  from  compressors, 
because  the  small  and  rapid  periodic  fluctuations  of  pressure,  due  to 
the  suction  of  gas  engines  or  to  the  discharge  from  compressors,  do 
not  interfere  with  the  steady  action  of  the  thermometers.  The  time 
lag  of  the  latter  is  sufficient  to  smooth  out  the  curve  of  temperature 
variation,  or  of  watts  input,  as  the  case  may  be,  and  true  average 
results  are  thus  indicated. 

22  The  temperature  difference  employed  when  operating  with  a 
constant  difference,  is  approximately  5  deg.  fahr.  When  a  curve  of 
temperature  difference  is  employed,  the  temperature  rise  is  from  4  to 
5  deg.  fahr.  when  the  normal  maximum  amount  of  gas  is  flowing. 
This  difference  may  be  increased  to  10  or  12  deg.  when  the  rate  of 
flow  is  greatly  diminished,  and  at  100  per  cent  overload  the  tempera- 
ture difference  is  from  2  to  2^  deg.  On  the  autographic  record  one 
inch  represents  a  temperature  difference  of  one  degree.  The  ther- 
mometers and  recording  device  are  such  as  to  render  the  records 
accurate  within  1  per  cent.  The  minute  fluctuations  shown  by  the 
curves  on  Fig.  6  and  Fig.  7  are  produced  by  the  constantly  varying 
rate  of  flow  in  the  gas  mains.  These  can  be  "  damped  out "  to  any 
extent  desired.  The  apparatus  with  which  this  record  was  taken 
was  purposely  made  sensitive  to  minute  fluctuations. 

23  The  electrical  energy  required  to  operate  the  meters  is  approx- 
imately 1  kw.  per  50,000  cu.ft.  hourly  capacity.  The  curves  shown 
in  Fig.  7  represent  variations  of  from  17,000  to  75,000  cu.ft.  pe/hr., 
and  were  made  with  an  energy  input  of  approximately  1.15  kw.  To 
provide  for  more  gas  and  still  have  the  record  lie  conveniently  on  the 
paper,  it  is  only  necessary  to  increase  the  energy  input  by  manipu- 
lation of  the  rheostat  hand-wheel  on  the  switchboard. 

24  The  meters  are  so  constructed  that  the  heads  can  be  easily 
removed  and  an  air  blast  used  for  cleaning  out  the  interior,  or  the 
entire  casing,  containing  heater  and  thermometers,  can  be  removed 
and  dipped  in  gasolene  for  the  purpose  of  removing  tar  or  other  deposit. 
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All  parts  of  the  meter  are  of  rugged  construction,  and  are  of  well-devel- 
oped materials  familiar  to  engineers.  The  heater  units  consist  of  cor- 
rugated strips  of  resistance  ribbon  about  1^  in.  wide,  wound  spirally 
into  discs  of  such  diameter  as  to  fit  the  inside  of  the  wooden  casing. 
The  number  of  these  discs  depends  upon  the  capacity  of  the  meter. 
The  heater  shown  in  Fig.  4  consists  of  two  discs. 

25  The  same  type  of  meter,  modified  as  shown  in  Fig.  9,  can  be 
used  for  the  measurement  of  steam,  and  also  for  determining  the 
quality  or  percentage  of  moisture  of  steam.  When  used  for  measur- 
ing the  quantity  of  steam,  the  steam  is  first  superheated  slightly  in 
a  superheater  of  the  ordinary  type,  after  it  leaves  the  boilers  and  be- 
fore passing  through  the  meter. 

26  The  heater  element  in  the  steam  meter  consists  of  tubes,  as 
shown  in  Fig.  9,  made  of  suitable  resistance  material  and  supported 
on  insulating  bushings  in  the  tube  plates,  the  construction  being  sim- 
ilar to  that  of  a  surface  condenser.  The  slightly  superheated  steam 
is  passed  through  and  around  these  tubes,  and  is  further  heated  by 
the  electrical  energy  supplied  to  the  tubes. 

27  The  difference  of  temperature  produced  by  a  given  energy 
input  forms  a  measure  of  the  weight  of  steam  flowing,  just  as  has  been 
described  in  the  case  of  the  gas  meter.  In  cases  where  it  is  desired 
to  make  engine  or  turbine  tests  with  unsuperheated  steam,  the  steam 
can  be  reduced  in  temperature  after  passing  the  meter,  by  the  injec- 
tion of  a  spray  of  water.  Of  course  the  measurement  of  superheated 
steam  is  simpler  than  is  the  case  where  superheating  is  not  a  feature 
of  the  regular  operation  of  the  plant. 

28  The  amount  of  moisture  carried  by  steam  can  be  very  accu- 
rately determined  with  this  apparatus,  by  passing  all  of  the  steam 
through  the  electrical  heating  material  and  noting  the  amount  of 
energy  required  to  "fry  out"  the  water  and  cause  superheating  to 
commence.  The  pointer  over  the  dial  of  the  instrument  connected 
with  the  resistance  thermometer  in  the  outlet  of  the  calorimeter  indi- 
cates when  the  temperature  of  the  steam  begins  to  rise.  It  is  pro- 
able  that  the  only  way  to  determine  accuratel}^  the  quality  of  wet 
steam  is  to  pass  all  of  the  steam,  and  not  a  small  sample,  through 
a  calorimeter.  It  is  of  course  not  always  p»-acticable  to  do  this,  and 
in  such  cases  it  is  necessary  to  use  smaller  calorimeters  and  to  sample 
the  steam. 

29  When  inserted  for  either  regular  or  intermittent  use  as  a  steam 
meter  or  as  a  calorimeter,  the  device  can  be  cut  off  from  the  steam 
line  in  the  manner  already  described  for  the  gas  meter,  and  as  shown 
in  Fig.  1. 
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30  The  automatic  recording  device  for  the  gas  meter  is  so  arranged 
that  in  case  the  flow  of  gas  should  be  interrupted  for  any  reason  the 
current  is  automatically  cut  off  at  the  switchboard.  Also  if  the  flow 
of  gas  becomes  so  small  in  amount  that  the  pen  reaches  within  a  half 
inch  of  the  edge  of  the  paper,  the  current  is  cut  out.  When  the  gas 
has  cooled  the  heater  slightly,  the  current  is  automatically  cut  in 
again,  and  if  the  gas  flow  is  increased  the  pen  goes  back  toward  the 
middle  of  the  diagram  and  operation  proceeds  normally.  If  the  gas 
flow  continues  but  does  not  increase  beyond  that  at  which  the  current 
was  cut  out,  the  pen  will  "hunt"  back  and  forth  near  the  edge  of  the 
paper.  It  can  be  brought  back  toward  the  middle  of  the  paper  by  the 
introduction  of  more  energy  to  the  meter.  The  gas  meter  is  thus  fully 
protected  from  possible  injury  due  to  the  complete  shutting  off  of 
gas  supply, 

31  At  the  other  edge  of  the  paper,  representing  the  maximum  flow 
of  gas,  the  operation  is  similar  to  that  already  described.  In  order 
to  bring  the  recording  pen  upon  the  range  again  the  electrical  input 
is  increased  by  manipulation  of  the  hand- wheel  on  the  switchboard. 
This  applies  to  operation  by  the  second  method  described  in  Par.  11, 
in  which  the  temperature  difference  between  the  two  thermometers 
forms  the  record  of  gas  flow.  When  the  first  method  is  employed, 
that  of  maintaining  constant  temperature  difference,  the  meter  is  also 
automatically  protected  by  the  motor-controlled  rheostat,  and  the 
range  of  the  instrument  is  unlimited  and  it  does  not  require  manipula- 
tion by  hand.  It  will  be  seen  by  reference  to  Fig.  7  that  the  range  of 
the  instrument  when  operated  by  the  second  method  of  vaiying  tem- 
perature difference,  is  very  wide,  and  takes  care  of  extensive  fluctu- 
ations of  gas  flow. 


APPENDIX 

DATA  RELATING  TO  CALIBRATION  CURVE,  FIG.  8 


Time 

Wet   Meter 
Reading 

Cu.    Ft.   Gas 
Per  Hr. 

Average 

Temperature 

Difference 

Deg.  Fahr. 

Average 

Kilowatts 

Input 

Dec.  Temp. 
Rise    Per 
1000  Watts 

A.M. 

10-05 

90148.0 

10-10 
10-15 

90177.5 

10-20 
10-25 

90192.0 
90206.0 

17350 

10.7 

1.153 

9.30 

10-30 

90220.5 

10-50 

90396.0 

10-55 

11-00 

90470.0 

11-05 

90509.0 

45200 

4.25 

1.150 

3.69 

11-10 

90546.0 

11-20 

90644.0 

11-25 

90695 . 0 

61200 

3.25 

1.160 

2.80 

11-30 

90746.0 

11-40 

90884.0 

11-45 

90947 . 0 

75600 

2.70 

1.160 

2.32 

11-50 

91010.0 

P.M. 

12-05 

91098.0 

12-10 

91125.5 

12-15 

91152.7 

32640 

6.25 

1.22 

5.12 

12-20 

91180.0 

12-25 

91206.8 

A.M. 

9-30 

91418.2 

9-35 
9-40 

91493.4 
91568.8 

90240 

3.90 

2.05 

1.90 

9-45 

91643.8 

10-00 

91857.1 

10-15 

92074 . 0 

10-30 

92291.7 

10-45 

92506.2 

84960 

4.10 

2.05 

2.00 

11-00 

92717.5 

11-15 

92925.4 

11-30 

93131.0 

BITUMINOUS  GAS  PRODUCERS 

WITH  SPECIAL  REFERENCE  TO  TESTS  ON  THE  DOUBLE  ZONE  TYPE 

By  J.  R.  BiBBiNs,  New  York 
Member  of  the  Society 

Several  manufacturers  have  seriously  applied  themselves  for  years 
to  perfecting  the  bituminous  producer.  The  problem  has  been  diffi- 
cult and  success  elusive;  but  the  improvements  of  the  last  two  or 
three  years  have  been  material,  and  likely  to  lead  to  a  type  univer- 
sally acceptable  as  standard.  Outside  of  the  question  of  pecuniary 
reward,  much  credit  is  due  to  these  manufacturers  for  persevering 
against  material  obstacles  and  personal  prejudice,  and  at  an  expense 
ruinous  to  any  but  those  possessing  large  resources. 

2  It  is  the  object  of  this  paper  to  record  the  results  of  the  most 
recent  achievements  in  this  direction,  and  to  interpret  them  in  the 
light  of  personal  experience.  No  attempt  is  made  to  discuss  the  com- 
mercial aspect,  and  in  this  respect  the  results  presented  will  largely 
be  left  to  speak  for  themselves.  These  results  are  drawn  from  resources 
accurate  and  reliable  in  so  far  as  commercial  tests  can  be  made 
to  approximate  scientific  investigation.  Beyond  this  no  claims  can  be 
made  for  refined  accuracy. 

ESSENTIAL    REQUIREMENTS 

3  Successful  operation  of  a  modern  gas  engine  generating  station 
prescribes  certain  requirements  in  the  producer  plant: 

a  Continuous  operation,  365  days  per  year.  Any  departure 
from  this  condition  means  reserve  equipment,  additional 
capital  outlay  and  idle  plant.  Producer  designers  can- 
not escape  at  this  advanced  stage  of  the  art  a  condition 
parallel  to  that  of  steam  boiler  practice.  For  this  con- 
tinuous service  the  water-seal  has  proved  adequate,  but 

All  papers  are  subject  to  revision. 
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some  means  of  mechanically  removing  ash  should  be 
developed. 

h  Plant  suited  to  various  kinds  of  fuels  without  remodeling, 
such  as  change  of  grates,  etc.  Fortunately  gas  producers 
are  unusually  flexible  in  this  regard. 

c  Gas  clean  and  free  from  tar.  No  engine  design  except  per- 
haps some  one  of  the  simple  valveless  types  can  withstand 
the  action  of  viscous  tar  deposits  on  the  valve  seats.  Me- 
chanical extraction  can  hardly  be  considered  an  acceptable 
remedy  in  this  regard. 

d  Moderate  labor  requirements.  No  design  will  last  which 
requires  excessive  attendance  and  large  periods  of  shut- 
down for  cleaning  or  repair. 

e  Prevention  of  clinker  formations.  Both  labor  cost  and  the 
uniformity  of  gas  production  are  affected  seriously  by 
clinker.  The  obvious  remedy  is  relatively  low  fuel  bed 
temperatures. 

/  Automatic  gas  regulation.  Large  and  expensive  gas  holders 
should  be  unnecessary.  Quantity  and  quality  regulation 
of  gas  may  be  made  susbtantially  automatic  by  proper 
design.  An  essential  requisite  is  to  relieve  the  producer 
attendant  of  all  possible  adjustments,  as  it  is  next  to  im- 
possible to  obtain  at  the  prevailing  wage  the  grade  of 
intelligence  otherwise  necessary.  The  power-driven  ex- 
hauster has  removed  a  great  proportion  of  the  disabilities 
of  the  steam  blown  producer. 

g  Minimum  auxiliary  apparatus.  It  is  manifestly  inadvis- 
able to  nullify  the  high  efficiency  of  the  producer  by  waste- 
ful auxiliaries.  For  this  reason  the  suction  principle  has 
come  into  favor.  Internal  vaporizers  provide  automatic 
regulation  quite  adequate  to  the  usual  fluctuations  in  de- 
mand for  gas,  thus  dispensing  with  the  small  boiler. 

DESCRIPTION    OF    POWER    PLANT,    ETC. 

4  The  tests  herein  presented  pertain  principally  to  the  double 
zone  type  of  producer.  As  a  complete  description  of  this  type  was 
incorporated  in  the  last  report  of  the  National  Electric  Light  Associa- 
tion, 1909,  constructional  details  may  be  dispensed  with.     Fig.   1 
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shows  the  arrangement  in  sections,  comprising  the  following  essential 

parts: 

Water  sealed  ash  pit, 

Lower  coke  gasifying  zone, 

Central  belt  evaporator. 

Upper  coking  zone  for  green  fuel. 

Air  cooled  top  (preheating  air  blast), 

Charging  funnel  open  to  atmosphere, 

Vapor  control  valves  for  top  and  bottom  fires, 


Fig.  2     525-h.p.    Bituminous    Producer   Plant,    Western   Chemical    Com- 
pany, Denver 
Radial  poke  holes  for  raking  top  and  bottom  walls, 
Static  cellular  washer, 
Positive  rotary  exhauster. 
Automatic  by-pass  regulator  valve. 
Regulating  gasometer  for  maintaining  constant  deUvery  pressure  to  engine. 

5  This  system  obviously  works  entirely  by  suction  with  the  charg- 
ing top  at  atmospheric  pressure.  The  sole  adjustment  is  the  relative 
position  of  the  vapor  control  valves,  which  are  set  permanently  for 
any  given  fuel  and  require  no  change  for  ordinary  variations  in  power 
load.     These  valves  determine  the  relative  rates  of  combustion  in 
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the  upper  and  lower  zones,  the  temperatures,  and  the  rate  of  settling 
of  the  two  fuel  beds.  While  the  producer  is  not  supersensitive,  intelli- 
gent adjustment  is  necessary  to  secure  the  most  uniform  gas.  But  the 
gas  holder  is  dispensed  with  entirely,  as  the  production  is  directly 
proportionate  to  the  demand,  giving  a  constant  delivery  pressure  at 
the  engine. 

SCHEDULE    OF   TESTS 

6  This  producer  plant  has  been  under  test  in  commercial  sizes  (175 
h.p.),  at  East  Pittsburgh,  since  December  1907,  with  various  fuels  and 
under  various  conditions  of  load.  Up  to  July  1909,  a  total  of  over 
2040  hours  of  operating  tests  had  been  run,  operating  from  a  mini- 
mum of  47  to  a  maximum  of  514  hours  continuous  tests  and  on  both 
10-  and  24-hour  runs.  Over  266,000  lb.  of  coal  was  gasified,  the  fuels 
ranging  from  low  grade  lignites  to  the  best  Pocahontas  semi-bitum- 
inous coal.  Some  trials  were  also  made  on  meadow  peat.  All  the 
gas  made  was  tested  by  means  of  a  standard  three-cylinder  engine 
of  no  h.p.  operating  also  continuously  against  the  resistance  of  a 
prony  brake.  ■  The  gas  was  measured  by  wet  meters  at  both^  the  pro- 
ducer and  the  engine..  Determinations  were  made  regularly  for  cal- 
orific value  by  means  of  the  Junker  calorimeter;  for  impurities  by 
the  Sargeant  filter  paper  method;  for  composition  and  heat  value 
by  chemical  analysis.  Coal  was  weighed  on  scales — not  measured. 
Table  1  shows  a  complete  schedule  of  tests;  of  these  special  tests  F 
and  G  were  run  to  determine  accurately  the  normal  standby  loss; 
Test  H  to  try  out  the  type  of  washer  shown  in  the  sectional  drawing. 
Fig.  1.  It  is  apparent  that  this  series  of  tests  is  unusually  valuable  in 
indicating  results  under  various  conditions  of  service.  The  import- 
ant results  follow,  and  are  discussed  seriatim. 

DISCUSSION    OF    RESULTS 

7  It  should  be  noted  by  Table  2  that  fuels  containing  as  high  as 
\  their  weight  of  water  were  successfully  used  for  power  purposes. 
The  efficiency  curve  (Fig.  3)  fully  establishes  the  fact  that  the  effi- 
ciency of  heat  conversion  is  practically  as  high  with  lignites  as  with  the 
cheaper  fuels. 

8  In  the  test  with  Texas  lignite  an  important  fact  was  brought  out, 
which  has  especially  puzzled  theorists  for  some  time,  viz :  That  with  a 
poor  fuel  the  rate  of  combustion  can  be  increased  sufficiently  to  per- 
mit the  same  rating  of  the  producer  as  with  better  fuel.     This  re- 

•For  check  purposes,  meter  calibrated  by  positive  holder  fall. 
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TABLE   1     SCHEDULE  OF  TESTS 


LoAu  ON  Pro- 

Test 

Date. 

Fuel 

Dura- 
tion 
Hours 

Hr.  per 
day 

ducer 

Remarks 

b.h.p. 

Max. 

1908 

A 

4/  2-  4 

So.  Am.  Lignite 

72 

11 

Purged    Gas. 

B 

4/16-30 

Col.  Lignite 

314 

24 

121.7 

156.9 

Continuous  Test. 

C 

5/  8-23 

Pittsburgh 

298 

24 

158.3 

129 

"              " 

D 

7/16-31 

" 

370 

10 

158.5 

206 

Intermittent    test. 

E 

8/  4-25 

514 

10 

170.8 

190.7 

("Standby  test. 

F 

9/  1-19 

432 

Standby 



\  Fires  blasted 

G 

10/12-19 

" 

168 

" 

[  1  hr.  once  in  24  hr.  day 

H 

11/  9-14 
1909 

10 

137  to 

204 

Washer  test  and  capac- 
ity test 

I 

6/  1-  2 

Pocahontas 

46J 

22i 

75.6 

Continuous  test. 

J 

6/  3-  4 

" 

48 

24 

101.4 

u 

K 

6/5-6 

" 

48 

24 

126.5 

"              " 

L 

6/  7-  9 

" 

72 

24 

150 

" 

M 

6/30-  2 

Texas  Lignite 

72 

24 

128 

135 

« 

N 

7/  7-  8 

"         " 

42 

24 

157.2 

"              " 

moves  a  heavy  restraint  on  the  development  of  producers  for  the 
enormous  Hgnite  fields  of  Texas,  Wyoming,  Colorado,  Montana  and 
the  Pacific  States.  In  Test  N,  Table  3,  a  charging  rate  of  27.2  lb. 
per  sq.  ft.  per  hr.  was  maintained  with  Texas  Lignites  and  15  lb.  with 
Pocahontas,  both  at  150  h.p.  load;  with  Pittsburgh  run  of  mine  it 
was  slightly  higher  (18.1). 

9    An  economy  of  less  than  1   lb.  per  brake  horsepower-hour  is 
probably  below  previous  results  with  bituminous  producers.      This 


TABLE  2     TYPICAL  PROXIMATE  ANALYSES  OF  FUELS  TESTED 


Class  of  Fuel 


Meadow  Peat — Massachusetts 

Lignite — South  America 

Lignite — Northern  Colorado 

Lignite — Texas 

Bituminous — Pittsburgh  run  of  mine 
Semi-Bituminous — Pocahontas    run    of 
mine 


Moist- 
ure 

Volatile 

Fixed 
carbon 

Ash 

Sul- 
phur 

B.t.u. 
per  lb. 
as  fired 

38.10 

40.54 

17.86 

3.50 

1.05 

6410 

20.05 

34.44 

30.85 

14.66 

8035 

16.63 

33.78 

42.22 

7.37 

9589 

24.08 

38.55 

28.76 

8.61 

0.57 

7974 

2.03 

34.98 

56.22 

6.77 

1.29 

13305 

1.39 

16.01 

74.28 

8.32 

13983 

B.t.u. 

per  lb. 

dry 


10340 
10045 
11500 
10503 
13590 

14170 
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corresponds  to  less  than  H  lb.  per  kilowatt-hour  in  an  electric  gener- 
ating station.  An  interesting  point  is  the  low  standby  fuel  consump- 
tion, which  averages  in  over  a  week's  run  1  lb.  per  sq.  ft.  of  fuel  bed 
area  per  hour.  In  testp  it  was  reduced  to  this  amount  from  1 .49  lb. 
(Test  F)  simply  by  reducing  the  natural  up-draught  [through  the 
idle  producer,  by  closer  adjustment  of  the  valves. 
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Fig.   4    Typical  Log,  Pocahontas  Coal,  Last  Day  of  Run,  21 J  hrs. 


10  Test  H,  which  was  a  capacity  test,  shows  an  18  per  cent  over- 
load on  gas  production  maintained  for  nine  consecutive  hours  with 
Pittsburgh  run-of-mine.  Test  C  with  the  same  coal  shows  nearly 
30  per  cent  overload. 

11  In  heat  value  the  gas  is  not  high;  but  more  important,  it  is 
fairly  uniform  as  shown  by  the  typical  log.  Fig.  4,  5  and  6.  The  heat 
value  seems  to  bear  a  certain  relation  to  the  fuel  bed  temperature. 
It  is  found  that  if  a  certain  temperature  of  the  gas  off-take  is  exceeded 
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(about  1000  deg.) ,  vitiation  of  the  gas  ensues  from  excessive  combus- 
tion. The  condition  of  the  fuel  bed  may  be  readily  watched  by  means 
of  a  pyrometer  (in  the  discharge)  and  with  proper  adjustment  of  vapor 
and  draught,  temperatures  may  readily  be  held  below  this  limit; 
especially  with  lignites. 
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Fig.  5     Typical  Log  Texas  Lignite,  Beginning  of  Test 


12  In  this  connection  a  comparison  of  these  heat  values  with  sim- 
ilar values  from  other  plants  is  interesting,  revealing  the  extreme 
range  permissible  with  engines  of  modern  design;  see  Table  10.  Both 
are  fair  operating  plants,  but  deliver  gas  at  a  considerable  variation 
from  specified  value  (125  B.t.u.),  without  occasioning  any  disturb- 
ance in  the  operation  of  the  engine.  Results  from  the  double-zone 
producer  show  that  present  engine  ratings  are  well  suited  to  the  gas, 
a  higher  compression  is  permissible,  and  that  a  high  hydrogen  content 
— as  high  as  20  per  cent — does  not  necessarily  interfere  with  opera- 
tion. 
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13  Perhaps  the  most  important  result  is  tar-free  gas.  The  im- 
purities normally  consist  of  dust  and  lampblack.  By  the  filter  paper 
method,  Fig.  7,  it  is  possible  to  detect  the  least  trace  of  tar,  which 
quickly  discolors  through  to  the  second  layer  of  paper.  Fig.  7  shows 
the  maximum  deposit  from  a  run  on  Pittsburgh  coal.  Note  that  there 
is  no  discoloration  of  the  second  paper. 
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Fig.  6     Log  Texas  Lignite,  End  of  Test,  114  hrs. 

14  Test  H,  25  determinations  of  Pittsburgh  run-of-mine,  shows 
well  under  0.02  gr.  per  cu.  ft.,  which  is  below  the  usual  guarantee. 
In  tests  M  and  N  determinations  on  Texas  lignite  averaged  0.0193 
gr.  per  cu.  ft.  These  results  are  borne  out  by  results  in  the  field. 
Seventy-three  determinations  at  Denver^  averaged  0.022  gr.  per  cu. 
ft.  In  these  tests  all  of  the  gas  determinations  represent  average 
gas  drawn  continuously  throughout  the  day's  run.     In  no  case  are 


*  Western  Chemical  Co 
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snap  samples  used.  The  latter  method  of  testing  should  be  rigor- 
ously avoided  except  for  some  special  purposes,  as  it  affords  no  indi- 
cation whatever  of  average  conditions. 

15  In  former  papers*  the  writer  has  described  the  method  of  ob- 
taining producer  efficiency  from  isolated  tests.  Fig.  3  shows  the  close 
agreement  of  this  theory  with  the  fact  based  upon  these  several  dif- 
ferent kinds  of  coal  tested.  The  interesting  point  is  illustrated,  that 
the  gas  producer  varied  only  10  per  cent  in  efficiency  throughout  its  nor- 
mal range  of  load.     This  type  will  give  approximately  70  per  cent 


Fig.  7     Comparative  Methods  of  Testing  for  Impurities 

5    CU.    FT.    EACH    30    MIN. 

0.0259    GR.    PEE    CU.    FT.    FIliTER    PAPER,    TWO    LAYERS 

0.0216  GR.    PER   CU.    FT.    COTTON    BATTING,    TWO    LAYERS 


efficiency  (on  an  effective  heat  basis),  or  77^  per  cent  (total  heat 
basis),  at  full  load.  This  is  manifestly  reasonable  by  inspection  of 
Table  5.  That  all  fuels  should  fall  so  closely  on  the  heat  input  lines 
at  various  loads,  is  a  remarkable  agreement,  and  closer  than  antici- 
pated. 

16     However,  in  a  paper  by  the  writer^  the  same  agreement  was 
found  in  plotting  the  results  of  tests  on  another  type  of  plant  at  Rich- 

*  Norton  Test,  Vol.  29,  Transactions  A.S.M.E.  1907;   Transactions  A.I.E.E., 
page  1128,  vol.  27,  1908 
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niond,  Va.     The  standby,  and  three-load  determmations,  followed 
almost  on  a  straight  line  of  heat  input  to  producer. 

OPERATING    RESULTS 

17  After  the  first  year's  period  of  tests,  this  plant  was  dismantled 
for  examination.  The  gasification  of  182,472  lb.  of  fuel  showed  no 
perceptible  effect  upon  the  condition  of  the  producer,  the  walls  being 
practically  mtact.  This  is  due  to  the  complete  absence  of  clinkers 
and  high  temperatures.  Experience  plainly  shows  the  latter  to  be 
the  cause  of  clinker  troubles.  The  fuel  bed  normally  grades  from 
small  ash  at  the  bottom  through  pure  coke  to  green  coal  at  the  top. 
With  proper  handling,  clinkers  may  be  entirely  avoided.  For  ex- 
ample. Table  9  shows  a  screen  test  of  coal  and  ash  at  the  Denver 
installation — 43^  per  cent  ash  through  a  ^-m.  screen. 

18  An  examination  of  a  long  gas  main  and  the  engine  valves  after 
the  year's  run,  showed  no  deposits  of  tar  either  near  or  distant  from 
the  producer,  indicating  the  complete  fixation  of  the  volatiles.  All 
condensibles  are  removed  in  a  static  washer,  the  cells  of  which  seem 
to  automatically  clear  themselves  of  the  deposit.  For  example  the 
pressure  drop  or  resistance  through  a  month's  run  increased  slightly 
more  than  ^  in.  The  principal  skill  in  handling  this  producer  is  re- 
quired in  studying  the  characteristics  of  various  kinds  of  fuels.  Each 
must  be  handled  differently  for  best  results.  With  friable  fuels  the 
"  let  well  enough  alone  "  rule  is  particularly  desirable,  as  resistance  of 
the  bed  may  be  greatly  increased  by  too  much  poking. 

GENERAL    CONCLUSIONS 

19  With  the  writer's  good  fortune  to  have  obtained  directly  or 
to  have  analyzed  results,  from  several  types  of  producer  plants,  has 
come  a  conviction  along  certain  broad  lines  on  producer  practice  in 
general.  Knowing  the  facts  regarding  daily  performance  from  both 
shop  and  field,  the  statements  herein  contained  are  believed  to  be 
conservative.  The  idea  is  not  meant  to  be  conveyed  that  success- 
ful working  has  been  confined  to  any  one  particular  type  of  plant  or 
equipment.  But  those  undertakings  that  have  been  backed  up  by 
experience  gained  in  tests  on  a  commercial  scale,  are  certainly  most 
sure  of  success  and  worthy  of  support.  There  is  much  activity 
resembling  plagiarism  in  the  power  gas  field — guarantees  based  solely 
on  productions  from  competitive  results,  portions  of  a  foreign  design 
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incorporated  in  an  incoherent  whole,  etc.  Such  mis-matching  inevit- 
ably leads  to  failure  without  thorough  analysis  of  cause  and  effect. 
In  short,  the  great  desideratum  is  a  campaign  of  investigation  at 
the  factory — not  of  the  shiftless  pounds-and-kilowatt  order,  but  suf- 
ficiently comprehensive  to  facilitate  accurate  interpretation.  Many 
failures  that  now  lie  to  the  discredit  of  the  internal  combustion  system 
would  thus  have  been  avoided. 

20  It  is  also  patent  that  personal  prejudice  seemingly  plays  a  far 
too  important  part  in  dominating  the  selection  of  plants,  steam  as 
well  as  gas,  and  its  effect  appears  not  only  in  the  selection  but  also  in 
the  operation  of  the  plant,  which  often  makes  it  impossible  to  secure 
results  which  under  proper  conditions  would  be  easily  within  reach. 
It  is  therefore  equally  as  desirable  to  analyze  reports  of  poor  results 
obtained  from  a  given  plant,  as  of  results  which  seem  so  good  as  to 
arouse  suspicions  of  inaccuracy. 

21  Finally — a  present  need  in  producer  work  is  some  reasonably 
accurate  means  of  control  indicating  and  compensating  for  ''low 
gas, "  which  may  result  from  poor  condition  of  fuel  bed.  Automatic 
production  without  the  holder  storage  has  now  become  an  accom- 
plished fact  with  the  simplest  apparatus,  but  no  means  are  available 
for  keeping  under  observation  the  heat  value,  except  the  cumbersome 
and  delicate  Junker  calorimeters.  Were  it  possible  to  alter  in  inverse 
proportion  the  ratio  of  air  to  gas  at  the  engine  accordingly,  maximum 
efficiency  could  be  maintained.  But  this  variable  factor  has  received 
practically  no  attention,  and  as  a  consequence  producer  operators  are 
working  entirely  in  the  dark. 

22  The  principle  of  tar-free  gas  production  has  its  demonstration 
in  the  type  of  producer  under  discussion,  and  it  is  believed  the  end 
justified  the  means,  even  at  the  slight  expense  of  heat  value.  Due  to 
unknown  and  complex  reactions,  tar  laden  or  "  green"  gas  possesses 
somewhat  higher  heat  value. than  tar-free  gas,  due  possibly  to  the 
preservation  of  more  unstable  hydrocarbons.  This  might  then  be- 
come a  factor  in  rating,  with  engines  designed  with  little  or  no  margin. 
But  good  practice  today  recognizes  no  difference  between  gas  of  110 
and  125  B.t.u.  The  margin  necessary  is  present  for  other  reasons, 
and  there  is  therefore  no  practical  obstacle  in  the  way  of  development 
of  the  tar-free  type  of  gas  producer  in  any  form. 

23  Further  investigations  are  also  urgently  needed,  as  to  the  pos- 
sibility of  large  units.  If  the  gas  engine  is  considered  behind  the 
times  in  the  matter  of  development  of  large  units  as  compared  with 
steam  practice,  the  producer  is  hopelessly  so.     For  rapid  future  delvel- 
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opment,  large  units  are  an  obvious  necessity.  We  have  steam  turbine 
units  capable  of  sustaining  continuous  loads  of  30,000  h.p.,  boiler  units 
of  2000  to  3000  h.p.,  gas  producers  of  only  a  few  hundred,  maximum. 
The  very  multiplicity  of  units  thereby  required  in  the  design  of  a 
large  station,  very  seriously  militates  against  the  selection  of  the  pro- 
ducer gas  system  of  motive  power. 
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Fuel  Consumption 

Lbs. 

Lbs.  Charged 

Lb.  perl 

Test 

charged 

incl. 
standby 

sq.  ft. 
per  hr. 

Per  b.h.p.  hr.              Per  kw 

.  hr.^ 

1 

per  hr. 

max. 

Gross2 

Net3 

Gross 

Net 

A 

5003 

151.6 

160.8 

15.2 

2.3 

2.3 

3.33 

3.33 

B 

60740 

194 

228.5 

19.4 

1.59 

2.31 

C 

53925 

181.1 

207 

18.1 

1.14 

1.66 

D 

27157 

169.2 

222 

16.9 

1.39 

1.19 

2.01 

1.73 

E 

35647 

184.6 

202 

18.5 

1.24 

1.08 

1.8 

1.56 

I 

4849 

104.2 

10.4 

1.37              2.0 

J 

6065 

126.4 

12.6 

1.25         j      1.81 

K 

6403 

133.4 

13.3 

1.06              1.54 

L 

10699 

149.1 

14.9 

.983 

1.42 

M 

16964 

233.1 

23.3 

1.82 

2.64 

N 

11503 

272.1 

27.2 

1.80              

2.61 

F 

8813 

14.9 

This  standby  rate  applies  to  previous 

tests 

G 

1680 

10.0 

Standby  rate  reduced  by  reducing  up- 

draft  on  fire 

*  Based  on  area  at  level  of  green  fuel. 

2  Including  standby  coal. 

^  Standby  fuel  deducted. 

■*  Based  on  92.5  per  cent  generator  efficiency. 


TABLE  4     GAS  DATA 


Cu.  ft.  per 

B.t.u.*  per 

Test 

Cu.  ft. 

hr.  60  deg. 

Max.  for 

Cu.  ft.  per 

Cu.  ft  per 

cu.  ft.t 

B.t.u. 

uncorrected 

fahr.  30  in. 

1  hr. 

lb.  fuel 

b.h.p.  hr. 

total 

effective 

Hg 

A 

238,900 

7245 

8500 

47.7 

102 

113.4 

B 

3,873,000 

12400 

16700 

63.8 

101.4 

118.2 

C 

4,812,200 

16210 

23300 

89.3 

102.1 

113.8 

D 

2,074,500 

15660 

21500 

88.2 

101.9 

110.7 

E 

2,797,470t 

16600 

17853 

90.2 

111 

H 

17815 

21511 

(9  hours) 

111.4 

K 

119 

109.7 

L 

120.6 

112.2 

M 

891,300 

11933 

51.3 

93.1 

118.7 

107.8 

N 

569,300 

13092 

15500 

48.05 

86.75 

129.7 

118.75 

*  Total  heat  values.     HgO  determination  not  made  during  some  tests. 
t  Corrected  to  30  in.  Hg  and  60  deg.  fahr. 
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TABLE  5     PRODUCER  EFFICIENCY 


Test 

Phoducer  Efficiency  Based  on 

Plant  Efficiency  Based  on 

Total 

Effective' 

Gross  Coal 

Net  Coal 

A 

76.3 

78.8 
76.5 
77.2 
75.5 

16.75 

16.8 

13.9 

B 

C 

D 

16.05 

F 

1              15.45 

17.6 

V 

J 

K 

L 

M 

N 

76.8 
76.95 

69.8 
70.2 

13.2 
14.7 
17.5 
17.7 
17.5 
17.6 

'  Efficiency  on  effective  basis  from  7  to  8  per  cent  lower  than  on  total. 

TABLE  6     DUST  DETERMINATION 
Test  H.     Pittsburgh  Run-of-Mine 


Load  h.p. 


Gas  per  hr.  cu.  ft. 


Impurities  in  Gas,  Gr.  per  Cu.  Ft.. 


Average  5 
'Determinations 


Max. 


Min. 


142 

137 
170 
184 
183 
204 


14910 
14310 
17740 
19260 
19160 
21511 


0.02079 
0 . 02087 
0.01712 
0.01611 
0.01718 


0.0432 

0.0129 

0.0398 

0.0100 

0.0318 

0.0062 

0.0287 

0.0034 

0.0459 

0.0063 

Test  M.     Texas  Lignite 


Duration  of  Tests,  hr 

Average  Load,   b.h.p 

Lignite  Fired,  lb 

Gas  Made,  cu.  ft 

Average  Impurities,  gr.  per  cu.  ft. 

Maximum,  gr.  per  cu.  ft 

Minimum,  gr.  per  cu.  ft 


114 
140 

28,467 
1,400,000 
0.0193 
0.0770 
0.0010 
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TABLE  7     TYPICAL  GAS  ANALYSES 


Teat 


Fuel 


So.  American  Lignite 17.4 

Colorado  Lignite 17 . 6 

Pittsburgh .       14.1 


CO 
10.4 

ii;6 

15.2 


CH4 


2.4 
2.6 
1.8 


CO, 


12.4 
13.2 
9.6 


56.6 
54.4 
58.9 


TABLE  8     CHARACTERISTICS  OF  LIGNITE  GAS 
Western   Chemical  Co.,   Denver 


Heat  Value  (Total) 

Impurities 

Date 

No.  of 
Deter- 
mina- 
tions 

Max. 

Min. 

Average 

No.  of 
Determin- 
ation 

Max. 

Min. 

Average 

4-  8-09 

3 

129.6 

112.4 

123.0 

1 
4          '. 

0.0290 

0.01567 

0.0213 

4-  9-09 

4 

121.5 

113.7 

118.3 

4-10-09 

4 

123.9 

106.1 

113.1 

i 

4-11-09 

4-12-09 

1 

122.0 

7 

0.0617 

0.0144 

0.0284 

4-13-09 

2 

115.4 

111.0 

113.2 

6         : 

0.0667 

0.0081 

0.0231 

4-14-09 

3 

124.0 

121.0 

122.0 

7 

0.0264 

0.0115 

0.0184 

4-15-09 

2 

117.3 

113.7 

115.5 

3 

0.0204 

0.0051 

0.0114 

4-16-09 

3 

128.0 

114.7 

119.5 

4 

0.0198 

0.0048 

0.0124 

4-17-09 

1 



133.3 

3 

0.0260 

0.0209 

0.0247 

4-19-09 

4 

128.6 

108.5 

121.2 

2 

0.0194 

0.0058 

0.0126 

4-20-09 

4 

128.0 

108.5 

117.8 

3 

0.0046 

0.0018 

0.0033 

4-21-09 

3 

117.8 

110.0 

114.7 

3 

0.0095 

0.0051 

0.0051 

4-22-09 

3 

130.0 

111.0 

121.0 

2 

0.0288 

0.0113 

0.02005 

4-23-09 

3 

129.0 

123.4 

126.0 

3 

0.0048 

0.0018 

0.0033 

4-24-09 

2 

126.0 

106.4 

115.7 

3 

0.0064 

0.0036 

0.0053 

4-26-09 

1 

125.0 

4-27-09 

1 

120.4 

3 

0.0429 

0.0040 

0.0179 

4-28-09 

3 

141.6 

127.0 

133.2 

3 

0.0089 

0.0026 

0.0056 

4-29-09 

2 

131.0 

136.0 

128.5 

3 

0.0099 

0.0059 

0.0073 

4-30-09 

3 

0.0172 

0.0066 

0.0123 

5-   1-09 

3 

0.0356 

0.0216 

0.0304 

5-  2-09 

2 

0.0587 

0.0340 

0.0463 

■   5-  3-09 

3 

0.0328 

0.0067 

0.0205 

5-  4-09 

3 

0.2325 

0.0735 

0.1381 

Average 

121.2 

0.02227 
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TABLE  9     SCREEN    TESTS— FUEL  AND  ASH— NORTHERN  COLORADO    LIGNITE 
Western  Chemical  Co.,  Denver 


Coal 

Ash 

Over  i  Inch 
Over  Y*g  inch 
Through  jJg-inch 

58  per  cent 
23^  per  cent 
18i  per  cent 

23 . 5  per  cent 
33.0  percent 
43 . 5  per  cent 

100  per  cent 

100  per  cent 

Samples  represent  about  one  bushel  of  material  quartered  down  taken  from  stock  pile. 


TABLE   10    TYPICAL  PRODUCER  OPERATION 


Plant  A 

Plant    B 

Texas  Lignite 

Pocahontas 

Max.          Min. 

Avg. 

Max.         Min. 

Avg. 

Date   of   Observation 

May  20-29, 

'08. 

Apr.   1-9, 

08. 

No.  of  Determination 

20 

24 

CO2 

11.6 
0.9 

14.8 

19.3 
2.52 

62.4 

8.0 
4.0 
12.0 
11.84 
1.5 
5.7 

10.0 
0.63 

13.7 

15.3 
1.88 

55.2 

11.6  [         8.6 

19.4  '       11.4 
12.4            4.7 

9.9 

O2 

CO 

15.7 

Hj 

9.09 

CH4 

N 

8.8 
65.1 

5.1 
53.9 

67.6 
5.93 

Heat  Value  Total 

109.9 

89.2 

102,7 
20.7 

166.4 

110.4 

133.1 

Heat  Value  Eflfective  

157.8 

101.0 

124.5 

Fluctuation  B.t.u 

56.0 

Fluctuation  Per  Cent  =  Avg.  Value  . . 

.... 

.... 

10.1 

21.0 

SYMPOSIUM  ON 

THE   EFFECT   OF    SUPERHEATED 
STEAM  ON  CAST  IRON  AND  STEEL 

Three  papers:  Cast  Iron  Fittings^ for  Superheated  Steam,  by  Prof.  Ira  N. 
Hollis,  Boston,  Mass;  The  Effect  of  Superheated  Steam  on  the  Strength  of  Cast 
Iron,  Gun  Iron  and  Steel,  by  Prof.  Edward  F.  Miller,  Boston,  Mass.;  Cast  Iron 
Valves  and  Fittings  for  Superheated  Steam,  by  Arthur  S.  Mann,  Schenectady, 
N.  Y. 

CAST-IRON  FITTINGS  FOR  SUPERHEATED 

STEAM 

•  .  By  Prof.  Ira  N.  Mollis,  Boston,  Mass. 

Member  of  the  Society 

The  failure  of  a  number  of  large  cast-iron  fittings  in  use  with  super- 
heated steam  has  rightly  created  a  widespread  suspicion  of  this  mate- 
rial when  exposed  to  high  temperature.  Yet  on  this  subject  there  is 
very  little  information  of  a  character  to  justify  the  wholesale  substi- 
tution of  steel  castings  for  the  ordinary  heavy  cast-iron  fittings.  The 
latter  have  been  used  with  success  for  many  years  at  all  degrees  of 
temperature  below  actual  redness,  and  in  many  stations  now  in  opera- 
tion with  moderate  degrees  of  superheating  (say  100  deg.  fahr.)  cast 
iron  has  never  given  the  slightest  trouble  beyond  the  ordinary  wear 
and  tear. 

2  The  doubt  as  to  the  reliability  of  cast  iron  has  seemed  to  spring 
up  with  its  use  in  long  pipe  lines  to  steam  turbines  where  the  temper- 
ature has  ranged  from  550  deg.  to  600  deg.  This  would  lead  one  to 
ask  if  the  difficulty  has  not  been  in  the  design  of  the  piping  systems 
rather  than  in  the  character  of  the  material.  Has  not  the  cast  iron 
taken  the  brunt  of  a  new  service  and  has  it  not  suffered  in  the  estima- 
tion of  the  engineering  public  because  the  conditions  of  that  service 
were  not  fully  understood? 

3  A  vast  amount  of  experiment  and  investigation  would  be 
required  for  the  satisfactory  reply  to  this  question,  and  this  brief  paper 

All  papers  are  subject  to  revision 
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is  not  intended  as  a  reply,  but  rather  to  place  before  the  Society  a 
record  of  some  tests  that  may  throw  hght  on  the  subject.  These 
tests  were  made  for  the  Edison  Ilkiminating  Company  of  Boston  for 
the  purpose  of  determining  the  bursting  strength  under  hydrauHc 
pressure  of  some  large  fittings  which  were  replaced  with  steel  castings. 

4  It  may  be  well  before  giving  the  result  of  the  tests  to  inquire 
what  is  actually  known  about  cast  iron  subjected  to  high  temjiera- 
tui'e;  that  is,  laiown  without  the  possibility  of  controversy: 

a  Fittings  have  developed  cracks  and  small  changes  of  shape 
after  a  few  months  of  actual  service. 

b  Fittings  exposed  separately  to  superheated  steam  at  a  tem- 
perature exceeding  500  deg.  fahr.  have  shown  a  perma- 
nent increase  of  some  dimensions. 

c  The  tensile  tests  of  pieces  cut  from  fittings  that  had  failed 
in  service  indicate  in  some  cases  the  possibility  of  perma- 
nent loss  of  strength. 

5  The  remainder  of  the  evidence  in  the  case  may  be  classed  as 
good  guesswork  based  upon  some  preconceived  theory  as  to  the  be- 
havior of  the  constituent  parts  of  cast  iron  in  a  rising  temperature. 

6  One  of  the  curious  and  interesting  qualities  of  cast  iron  is  its 
permanent  increase  of  dimensions  under  high  temperature.  This  is 
paralleled  by  the  permanent  set  of  cast-iron  test  pieces  when  subject 
to  very  moderate  tensile  stresses.  In  both  cases  the  cast  iron  appar- 
ently continues  to  grow  at  a  decreasing  rate,  at  least  in  some  dimen- 
sions, when  the  high  temperature  or  tensile  stress  is  repeated. 

7  How  long  this  growth  would  continue  is  not  known.  Its  prob- 
able limit  is  the  flow  of  the  material  under  the  ultimate  breaking  stress. 
Cast  iron  may  not  be  peculiar  in  this  respect  and  all  materials  may 
change  permanently  their  dimensions  under  moderate  stress,  the 
change  growing  with  each  imposition  of  the  same  stress.  There  is  no 
doubt  of  this  where  the  yield  point  has  been  exceeded.  It  may  also 
be  that  all  materials  change  permanently  under  repeated  application 
of  high  temperature. 

8  The  cause  of  the  persistent  expansion  under  high  temperature 
is  still  very  hazy,  but  two  possible  agencies  have  been  mentioned  in 
a  number  of  discussions: 

a  A  chemical,  or  physical,  change  in  the  relation  of  the  iron 
to  the  various  foreign  substances  which  fix  it  as  cast  iron. 

b  A  molecular  change  due  to  the  fact  that  cast  iron  has  no 
well  defined  elastic  limit  or  modulus  of  elasticity. 


FITTINGS    FOR   SUPERHEATED    STEAM  1363 

9  Both  causes  may  be  in  operation  at  the  same  time,  but  the 
theory  of  chemical  change  has  far  Jess  standing  than  that  relating 
to  the  stresses  produced  by  unequal  expansion.  While  there  is  a 
temperature  at  which  carbon  changes  its  relation  to  the  iron,  super- 
heated steam  is  probably  well  below  that  point  except  under  very 
unusual  conditions. 

10  That  cast  iron  loses  strength  when  exposed  to  superheated 
steam  at  600  deg.  is  not  conclusively  proved.  The  most  that  can  be 
said  is  that  test  specimens  taken  out  of  cast-iron  fittings  after  one 
3^ear's  or  more  exposure  to  a  temperature  of  550  deg.  to  600  deg. 
have  shown  a  surprising  irregularity  of  strength  in  the  same  casting. 
But  there  is  nothing  to  prove  that  new  cast-iron  fittings  have  not  a 
great  lack  of  homogeneity.  Irregularities  exist  in  every  casting  owing 
to  the  inability  of  the  metal  to  flow  when  cooling  below  a  certain 
temperature.  Furthermore,  the  strength  of  a  test  piece  cast  from 
a  given  heat  can  rarely  be  taken  as  that  of  any  selected  part  of  the 
fitting  cast  from  the  same  heat.  It  is  common  experience  to  find 
variations  of  strain  in  castings  as  well  as  variations  of  texture.  Were 
any  large,  irregular  casting  cut  into  small  test  pieces,  the  variations 
of  strength  would  probably  be  found  to  be  quite  as  great  as  that 
reported  later  on  in  this  paper.  The  demonstration  of  the  loss  of 
strength  after  long  service  with  superheated  steam  does  not  seem 
either  complete  or  conclusive. 

11  A  very  brief  description  cf  the  essential  features  of  the  Edison 
station  will  help  to  make  clear  what  follows.  The  new  part  of  the 
station  is  arranged  in  a  series  of  complete  units  each  consisting  of  one 
vertical  Curtis  turbine  and  eight  boilers  set  in  pairs.  The  main 
steam  line  extends  along  the  rear  ends  of  the  boilers  just  beneath  the 
brick  work,  four  eight-inch  vertical  steam  mains  connecting  each  pair 
of  boilers  with  the  main  line.  Three  of  the  vertical  mains  discharge 
through  gate  valves  into  T's,  and  the  fourth,  at  the  end  of  the  line, 
through  a  gate  valve  into  a  bend. 

12  The  first  turbine  units  were  provided  throughout  with  cast- 
iron  fittings,  which  were  ultimately  replaced  with  steel  fittings.  No 
expansion  or  shp  joints  are  used.  The  main  steam  line  (something 
over  103  ft.  long)  is  anchored  at  the  turbiue  end  and  is  allowed  to 
expand  freely  in  a  longitudinal  or  horizontal  direction  carrying  the 
lower  ends  of  the  vertical  mains  with  it.  The  steam  pressure  is  175 
pounds,  the  superheating  generally  amounts  to  150  deg.  fahr.,  al- 
though it  is  not  constant.  The  actual  temperature  of  the  steam 
varies  from  500  deg.  to  580  deg.,  so  that  the  main  line  is  changing  in 
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Fig.  1     Showing  Points  op  Failure  under  Hydraulic  Pressure  op  Three 
Cast-Ikon  Fittings  used  with  Superheated  Steam 


FiTTiiSTGS    FOR   SUPERHEATED    STEAM  1365 

length  from  time  to  time,  thus  moving  the  lower  ends  of  the  vertical 
mains  back  and  forth.  A  series  of  variable  stresses  are  consequently 
introduced  into  all  parts  of  the  pipe  system,  probably  affecting  most 
seriously  the  T's.  It  is  this  aspect  of  the  case,  namely,  the  effect  of 
varying  stresses  upon  cast  iron  at  high  temperature,  that  must  be 
studied  before  a  sound  verdict  can  be  reached. 

13  The  castings  in  the  South  Boston  station  were  first  suspected 
of  failure  when  nearly  a  year  after  the  turbine  plant  had  been  in  oper- 
ation one  of  the  8  in.  by  6  in.  by  6  in.  T's  near  the  boiler  showed  signs 
of  deterioration,  cracks  appearing  near  the  junction  of  the  offset 
with  the  body  of  the  T  and  in  the  flanges.  Another  fitting  of  the 
same  dimensions  and  location  began  to  fail  and  was  taken  out  .after 
fourteen  months'  service.  Both  these  T's  were  cut  up  for  testing 
and  the  results  were  so  much  alike  that  only  the  second  is  given  here 
as  that  T  had  been  exposed  the  longest  to  the  strain. 

14  A  chemical  analysis  gave  the  following:  Carbon,  3.47;  Man- 
ganese, 0.10;  Phosphorus,  0.366;  Sulphur,  0.062;  Silicon,  1.41.  The 
tensile  strength  of  six  pieces  taken  from  different  parts  of  the  T  was 
found  to  be,  12646,  14295,  26080,  27270,  27440,  28280  lb.  per  sq.  in. 
There  thus  appears  to  have  been  considerable  variation  of  strength 
in  the  T  unless  the  first  two  results  are  errors  due  to  some  faults  in 
testing.  Not  considering  them,  the  four  other  pieces  do  not  appear 
to  indicate  any  great  falling  off  in  service.  They  are  as  near  together 
as  would  commonly  be  found  in  cast  iron  from  the  same  heat.  The 
material  was  supposed  to  be  a  first-rate  quality  of  air-furnace  gun  iron 
which  should  have  been  good  for  25000  to  30000  lb.  per  sq.  in.,  but  no 
tests  or  analyses  of  the  heat  from  which  this  T  was  poured  are  on 
record. 

15  Four  test  pieces  cut  from  a  larger  T,  14  in.  by  12  in.  by  8  in., 
which  had  had  about  the  same  service  as  that  from  which  the  fore- 
going test  pieces  were  cut,  gave  a  tensile  strength  of  23130,  23480, 
23875,  24170  lb.  per  sq.  in.  Here  again  there  was  absolutely  no  proof 
that  the  material  had  deteriorated. 

16  Three  test  pieces  were  taken,  for  comparison,  from  a  large 
manifold  which  had  been  seven  years  in  service  with  saturated  steam, 
and  the  tensile  strength  was  found  to  be  16413,  16550,  17000  lb. 
per  sq.  in.  The  nature  of  the  cast  iron  was  not  known  positively, 
but  it  was  bought  as  air-furnace  gun  iron. 

17  It  was  fully  recognized  in  the  first  of  the  foregoing  tests  that, 
while  the  material  might  not  have  suffered  in  service,  nevertheless 
parts  of  the  casting  might  have  been  weakened  by  the  expansion 
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stresses.  For  the  purpose  of  testing  this,  two  T's  were  removed  from 
the  Une  and  broken  by  internal  hydraulic  pressure,  thus  affording  a 
definite  idea  of  the  strength  of  the  castings  as  a  whole.  A  third 
casting,  an  L  not  previously  in  use,  was  added  for  comparison.  The 
three  fittings  are  shown  in  Fig.  1  in  which  the  measured  dimensions 
and  the  location  of  the  fractures  are  given. 

18  The  material  was  the  same  as  that  used  for  all  the  fittings  of 
the  turbine  unit,  air-furnace  gun  iron,  and  the  chemical  constituents 
were  probably  about  the  same.  The  two  T's  had  been  exposed  to 
superheated  steam  of  578  deg.  fahr.  and  less  for  fifteen  months,  or 
longer,  and  when  removed  had  given  no  indications  of  weakness.  A 
careful  examination  disclosed  no  appreciable  distortion  except  in  the 
faces  of  the  flanges  which  were  no  longer  plane  surfaces.  There  were 
several  high  spots  that  could  not  have  existed  when  the  flanges  were 
faced  off. 

19  No.  1  was  a  14-inch  T  with  an  8-inch  offset.  The  openings 
were  closed  by  heavy  cast-iron  plates  fitted  to  the  flanges  and  bolted. 
The  pressuie  was  produced  by  a  steam-driven  outside-packed  plunger 
pump,  and  was  measured  by  means  of  a  small  conical  safety  valve, 
one-tenth  of  a  square  inch  in  area,  and  directly  loaded  by  dead  weight 
applied  as  the  pressure  increased.  The  indications  of  the  small 
valve  were  constantly  compared  with  a  hydraulic  gauge  previously 
tested  and  calibrated  at  the  Crosby  manufactory.  The  fitting  broke 
as  shown  at  an  internal  pressure  of  1650  lb.  per  sq.  in.  The  plates 
covering  the  openings  did  not  reinforce  the  T  to  any  great  extent  as 
the  bolts  were  smaller  than  the  holes  and  the  joints  around  the  flanges 
were  leaking  appreciably  when  the  fracture  occurred. 

20  No,  2  fitting  was  an  8-in.  by  6-in.  T.  It  was  broken  in  pre- 
cisely the  same  manner  as  No.  1  and  gave  way  at  an  internal  pressure 
of  3100  lb.  per  sq.  in. 

21  No.  3  fitting  was  a  12-inch  L.  Its  two  openings  were  closed 
with  cast-iron  plates  and  it  was  burst  in  the  same  way  as  the  others. 
The  joints  practically  gave  out  at  a  pressure  of  2000  lb.  per  sq.  in. 
although  the  pressure  was  kept  on  for  some  minutes.  For  the  second 
attempt  to  run  the  pressure  up,  the  bolts  were  set  up  with  a  very 
heavy  wrench,  which  undoubtedly  put  a  bending  moment  on  the 
flange.  The  fitting  finally  parted  all  around  the  root  of  the  flange 
at  a  pressure  of  1500  lb.  per  sq.  in. 

22  Four  test  pieces  were  cut  from  the  larger  T  and  broken  under 
tensile  stress.  Their  dimensions  were  almost  exactly  :f  in.  in  dia- 
meter by  6  in.  between  fillets.     Two  of  them  were  broken  cold  and 
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gave  a  tensile  strength  of  22150  lb.  per  sq.  in.,  and  two  were  broken 
at  a  temperature  of  590  deg.  at  20050  lb.  per  sq.  in.  The  temperature 
of  the  latter  was  maintained  by  means  of  a  cylinder-oil  bath,  the  oil 
being  placed  in  a  large  tube  surrounding  the  test  piece  and  kept  hot 
by  a  gas  flame. 

■  23  No  information  could  be  obtained  as  to  the  original  strength 
and  chemical  composition  of  the  iron  and  it  would  be  impossible  to 
prove  that  it  had  changed  either  in  strength  or  in  composition. 
There  is  ground,  however,  for  believing  that  it  had  changed,  as  the 
smaller  T  mentioned  gave  as  high  as  28000  lb.  tensile  strength  in  one 
specimen. 

24  A  comparison  of  the  larger  T  with  those  tested  and  reported 
in  the  Valve  World  for  November,  1907,  throws  an  interesting  light 
on  the  subject.  The  formula  there  published  as  derived  from  a  very 
large  number  of  tests  of  cast-iron  and  ferro-steel  fittings  may  be 
taken  as  a  basis  for  calculating  what  should  have  been  the  bursting 

T 

pressurv!  of  the  14-inch  T.      This  formula  is  B  =       X  -^S^,  where 

D  =  inside  diameter  of  the  T 

T  =  thickness 

S  =  tensile  strength  of  the  material  multiplied  by  60  per  cent 

B  =  bursting  pressure  in  pounds  per  square  inch. 

23  Taking  the  tensile  strength  of  the  cast  iron  when  hot  at  20000 
lb.  per  sq.  in.  the  diameter  of  the  T  at  14  in.  and  the  thickness  at  1{ 
in.  the  value  of  B  is  1070  lb.  per  sq.  in.  whereas  the  T  actually  biu'st 
at  1650  lb.     This  did  not  seem  to  indicate  weakness  or  deterioration. 

26  It  is  interesting  to  inquire  here  what  stress  existed  in  the  T 
during  its  service.  That  due  to  the  steam  pressure  was  small  when 
compared  with  the  actual  bursting  pressure,  but  that  due  to  expansion 
may  have  been  serious  in  its  effect.  The  first  T  in  the  main  steam 
line  was  located  at  4  ft.  8f  in.  from  the  anchorage,  the  second  37  ft. 
8f  in.,  the  third  70  ft.  8^^  in.,  and  there  was  no  expansion  joint  to  ease 
off  the  pressure  on  the  vertical  mains.  Taking  the  third  T  for  pur- 
poses of  illustration,  certain  suppositions  can  safely  be  made: 

a  The  lower  flange  of  the  vertical  pipe  moves  in  a  horizontal 
plane  as  the  main  pipe  expands  and  therefore  the  lowest 
point  of  the  axis  of  the  pipe  moves  parallel  to  itself. 

h  The  upper  end  of  the  vertical  pipe  is  practically  fixed.  The 
expansion  of  the  main  steam  pipe  thus  puts  an  S  bend  in 
the  vertical  pipes  and  introduces  large  bending  movements 
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into  both  ends  of  it  and  into  the  T.  The  actual  length  of 
the  pipe  between  its  lowest  flange  and  the  upper  end  is 
26  ft.,  but  the  length  between  the  upper  surface  of  the  T 
and  the  upper  end  of  the  pipe  is  about  28  ft. 

27  The  linear  expansion  of  the  main  steam  line  is  about  3  in.  when 
heated  to  578  deg.  fahr.  The  effect  of  this  is  supposed  to  be  halved  by 
cutting  the  pipe  short  and  springing  the  flanges  into  place  when  mak- 
ing the  joints.  There  is  thus  an  initial  deflection  in  the  vertical  pipe. 
This  is  overcome  as  the  pipe  is  heated  and  carried  as  much  farther 
on  the  other  side. 

28  The  value  of  the  deflection  in  the  lower  end  of  the  pipe  is  then 
taken  at  1.5  in.  The  formula  for  the  maximum  deflection  of  a  beam 
fixed  at  one  end  and  moved  parallel  to  itself  at  the  other  end  is 

Y  = 


12  EI 

W    =  load  in  pounds  or  push  of  the  horizontal  pipe. 

I       =  length  in  inches. 

E     =  modulus  of  elasticity. 

/      =  moment  of  inertia  of  the  pipe. 

The  inside  diameter  of  the  pipe  is  8  in.  and  its  thickness  is 
0.322  in.  giving  the  value  of  /  =  72.5.  E  is  taken  at  30,000,- 
000. 

29    The  equation  for  the  deflection  is  then 

312»TF 


1.5  = 


12.725  X  30,000,000 


and  W  is  found  to  be  1288  lb.  Thus  if  the  expansion  of  the  pipe  is 
exactly  split  by  cutting  the  main  line  short,  the  push  on  the  lower  end 
of  the  vertical  mains  is  1288  lb.  The  point  of  contrary  flexure  in  the 
S  bend  of  the  pipe  is  about  179  in.  above  the  junction  of  the  offset 
of  the  T  with  its  main  body.  The  bending  moment  in  the  offset  of 
the  T  is  therefore  1288  X  179  inch-pounds  and  the  stress  set  up  is 

Mc      1288  X  179  X  5 
«  =  T 290 ^«^^"'- 

30  While  this  calculation  is  not  entirely  reliable  on  account  of  the 
uncertainty  as  to  the  elastic  curve  of  the  vertical  pipe,  nevertheless 
it  is  a  fair  indication  of  the  stress  to  be  expected  in  this  T  when  the 
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temperature  of  the  p^pe  reaches  578  deg.  Furthermore,  it  is  made 
under  the  supposition  that  the  expansion  of  the  pipe  was  lessened 
by  an  initial  pull  and  that  all  the  joints  came  exactly  fair  before  set- 
ting up  the  bolts.  It  is  easy  to  imagine  how  serious  the  stresses  might 
have  become  under  actual  conditions  of  inaccurate  fitting.  The  one 
element  of  splitting  the  expansion  is  very  uncertain.  The  foregoing 
stress  might  easily  have  been  doubled,  resulting  in  pulling  the  T 
quite  out  of  shape  and  in  setting  up  internal  strains  certain  to  weaken 
the  material  in  places. 

31  Under  such  conditions,  it  was,  and  would  generally  be,  wise 
to  replace  the  cast-iron  T's  with  cast  steel  which  would  yield  more 
readily  to  expansion  and  which  would  be  safer  at  much  higher  tensile 
stresses.  The  reason  for  the  substitution  ought  not  to  be  lost  sight 
of  in  such  a  case,  if  cast  iron  is  to  be  judged  fairly.  It  is  made  because 
it  is  cheaper  on  the  whole  to  replace  the  cast  iron  with  steel  rather 
than  to  put  in  expansion  or  slip  joints.  Perhaps  the  steel  casting 
is  also  much  easier  to  take  care  of  than  any  form  of  expansion  joint. 
The  unreliability  of  cast  iron  in  such  a  service  has  nothing  to  do  with 
the  case:  it  is  merely  that  the  design  usually  adopted  for  steam  pip- 
ing does  not  quite  fit  cast  iron. 


THE  EFFECT  OF  SUPERHEATED  STEAM  ON 

THE  STRENGTH  OF  CAST  IRON,  GUN  IRON 

AND  STEEL 

By  Edward  F.  Miller,  Boston,  Mass. 
Member  of  the  Society 

The  object  of  this  paper  is  to  describe  some  experiments  made  to 
determine  the  effect  of  superheated  steam  on  cast  iron,  gun  iron  and 
steel.  From  each  piece  to  be  tested  two  tension  specimens  were  made, 
one  to  be  subjected  to  the  action  of  superheated  steam,  and  one  to  be 
used  in  obtaining  the  original  strength  of  the  piece. 

2  All  of  the  specimens  were  made  with  screwed  ends  in  accord- 
ance with  the  specification  prepared  by  the  American  Society  for 
Testing  Materials.  The  tension  tests  were  made  on  a  100, 000-1  b. 
Olsen  testing  machine,  the  specimens  being  screwed  into  spherical 
holders  attached  to  the  heads  of  the  testing  machine,  thus  ensuring  a 
straight  tension  pull  without  any  bending. 

3  The  specimens  to  be  subjected  to  superheat  were  placed  on  a 
wire  grating  suspended  at  the  center  of  a  12-in.  iron  pipe  about  3  ft. 
long,  supported  horizontally  on  brackets.  The  ends  were  closed  by 
blank  flanges.  Steam  was  supplied  by  a  small  pipe,  a  flow  at  low 
velocity  being  maintained  at  all  times.  The  under  side  of  the  pipe 
was  heated  by  Bunsen  gas  burners.  Thermometers,  in  wells  reaching 
down  to  the  grating  on  which  the  specimens  were  placed,  gave  the 
temperature  of  the  steam,  the  pressure  being  read  from  a  steam  gage 
on  the  supply  pipe. 

4  For  the  tests  plotted  in  Fig.  1,  the  average  gage  pressure  in  the 
superheating  pipe  was  93  lb.  and  the  average  temperature  660  deg. 
fahr.  The  gas  flame  was  extinguished  at  5  p.m.  and  lighted  again  at 
7  a.m.  The  temperature  reached  660  deg.  fahr.  by  11  a.m.  and  by  5 
p.m.  would  be  as  high  as  700  or  720  deg.  fahr.  Steam  was  kept  in 
the  superheater  during  the  night.  The  total  time  these  specimens 
were  exposed  to  superheated  steam  was  260  hours,  and  the  exposure 
to  saturated  steam  was  460  hours.  A  chemical  analysis  of  the  iron 
tested  is  given  in  Table  1. 

All  papers  are  subject  to  revision. 
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TABLE  1     CHEMICAL  ANALYSIS  OF  CAST-IRON  SPECIMENS,  FIG.   1 


Phos- 
phorus 

Total 
Carbon 

Graphi- 
tic 

CARBON 

Mangan- 
ese 

Silicon 

Sulphur 

Cast    Iron    Gibby 

Foundry  

Gun  Iron  Hunt  Spil- 

0.41 

3.51 
3.25 
3.34 

3.02 
2.60 
2.84 

0.37 
0.24 
0.38 

1.88 
0.54 
2.26 

0.05 
0.09 

Cast    Iron    Broadway 

0.09 

5  For  the  tests  plotted  in  Fig.  2  the  average  gage  pressure  was  82 
lb.  and  the  average  amount  of  superheat  about  390  deg.  fahr.  These 
specimens  were  subjected  to  superheated  steam  for  520  hours,  and 
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Fig.   1     Breaking  Loads  of  Gun-iron    and  Cast-iron    Test  Pieces  Sub- 
jected TO  Action  of  Superheated  Steam 

to  saturated  steam  for  920  hours.  A  chemical  analysis  of  three  of 
the  semi-steel  specimens  is  given  in  Table  2.  This  semi-steel  was 
made  by  adding  200  lb.  of  steel  to  1500  lb.  of  cast  iron.  The  analy- 
sis of  [the  [gun-iron  showed,  total  carbon,  3.37;  graphite,  2.44;  man- 
ganese, 0.34;  sulphur,  0.11 ;  silicon,  1.65. 
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6     The  composition  of  two  of  the  rolled-steel  pieces  No.  26  and  No. 
27  was  as  follows: 


Phosphorods 

Total  Carbon 

Manganese 

SOLPHUK 

Silicon 

No.  26 

0.85 

0.73 

0.026 

0.026 

No.  27 

0.116 

.... 

0.90 

0.057 

0.031 

7  In  Fig.  1  and  Fig.  2  the  open  circles  represent  the  ultimate 
strength  per  sq.  in.  of  the  original  specimen  while  a  full  circle  on  the 
same  ordinate  gives  the  strength  per  sq.  in.  of  the  comparison  speci- 
men which  had  been  subjected  to  the  action  of  superheated  steam. 
By  figuring  the  per  cent  loss  in  strength  in  each  specimen  and  then 

TABLE  2     CHEMICAL  ANALYSIS  OF  SEMI-STEEL  SPECIMENS,  FIG.  2 


Phosphorus 

Total  Carbon 

Graphite 

Manganese 

Sulphur 

Silicon 

0.24 
0.61 

3.48 
3.22 

2.64 
2.39 
2.83 

0.35 
0.44 

0.11 
0.11 
0.49 

1.91 
2.62 

taking  the  average  of  these  per  cents  it  appears  that  the  cast  iron 
from  the  Broadway  Foundry  (Fig.  1)  lost  9.5  per  cent;  that  of  the 
Gibby  Foundry  2.4  per  cent.  The  cast  iron  of  Fig.  2  came  from  the 
Waltham  Foundry;  here  there  is  apparently  a  gain  in  strength  of  1.8 
per  cent.  Fig.  1  and  Fig.  2  show  that  gun-iron  loses  strength,  Fig. 
1  showing  a  loss  of  about  3.5  per  cent,  and  Fig.  2  about  2.1  per  cent. 

8  The  tests  on  semi-steel  show  an  average  reduction  of  strength 
due  to  exposure  to  the  steam,  of  about  0.4  per  ceiit,  four  out  of  six 
pieces  showing  quite  a  reduction.  If  piece  No.  154  is  not  considered, 
the  percentage  reduction  of  strength  would  be  much  greater. 

9  Four  grades  of  steel  were  tested;  two  pieces  from  a  bar  of  65,000 
to  70,000-lb.  tensile  strength,  two  from  a  bar  of  75,000  to  80,000-lb. 
tensile  strength,  two  each  from  three  bars  of  about  90,000-lb.  tensile 
strength,  and  two  from  a  bar  of  over  100,000-lb.  tensile  strength. 
The  65,000  to  70,000-lb.  steel  showed  a  loss  of  1.8  per  cent  due  to  ex- 
posure to  the  steam,  the  75,000  to  80,000-lb.  steel  a  loss  of  1.9  per 
cent,  the  90,000-lb.  steel  a  loss  of  1.5  per  cent,  and  the  100,000-lb.  a 
loss  of  24  per  cent. 

10  While  one  is  not  justified  in  drawing  many  conclusions  from 
the  results  of  as  few  tests  as  are  quoted  here,  still  it  is  evident  from 
Fig.  1  and  Fig.  2  that  the  metals  tested  have  suffered  a  loss  in  strength 
due  to  their  exposure  to  the  steam.     A  paper  bearing  on  this  subject, 
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Materials  for  the  Control  of  Superheated  Steam,  by  M.  W.  Kellogg, 
appeared  in  the  1907  Transactions  of  the  Society.  In  the  Valve 
World,  March  1908,  are  given  the  results  of  tests  on  cast  iron  taken 
from  the  body  of  a*14-in.  valve  which  had  been  in  use  for  four  years 
on  a  main  carrying  steam  at  200  lb.  pressure  and  superheated  to  a 
temperature  of  590  deg.  fahr.  A  number  of  test  bars  cut  from  the 
body  of  the  valve  showed  a  loss  of  strength  of  41  per  cent  when  com- 
pared with  the  strength  of  the  original  metal  as  determined  from 
coupons  tested  at  the  time  the  valve  was  made. 

11  Fig.  1  in  this  paper  formed  part  of  the  thesis  of  H.  A.  Terrill, 
M.  I.  T.  '07,  and  Fig.  2  part  of  the  thesis  of  F.  M.  Heidelberg,  M.  I.  T. 
'09. 


CAST-IRON  VALVES  AND  FITTINGS  FOR 
SUPERHEATED  STEAM 

By  Arthur  S.  Mann,  Schenectady,  N.  Y. 
Member  of  the  Society 

There  have  been  many  failures  of  cast-iron  valves  and  fittings  in 
piping  systems  carrying  steam  of  high  pressure  and  high  superheat. 
The  ordinary  extra-heavy  flanged  cast-iron  fittings  which  are  listed 
in  many  manufacturers'  catalogues  as  suitable  for  200  lb.  pressure  and 
which  have  to  meet  a  close  price  competition,  have  successfully 
carried  a  pressure  perhaps  as  high  as  150  lb.  or  more.  No  doubt  the 
fittings  and  valves  can  support  a  steady  pressure  of  200  \h.  without 
bursting,  but  there  have  been  many  failures  when  carrying  super- 
heated steam  of  lower  pressure. 

2  These  fittings  are  not  too  well  suited  for  permanent  work  of 
even  150  lb.  pressure,  and  many  engineers  in  control  of  such  matters 
in  stations  of  a  representative  type  prefer  to  design  their  own  parts 
rather  than  to  trust  the  usual  run  of  commercial  extra-heavy  fittings. 

3  Probably  on  account  of  the  advertised  ability  to  support  a  high 
steady  pressure  these  extra-heavy  fittings  and  valves  have  been 
used  in  a  number  of  instances  for  superheated  work.  After  a  short 
time,  six  months  or  even  less  perhaps,  cracks  make  their  appearance; 
valves  leak,  seats  become  loose,  castings  grow  in  length  and  surface 
cracks  become  so  large  in  size  and  in  number  that  the  casting  is 
removed  from  the  line. 

4  A  few  repetitions  of  this  experience  seem  to  justify  the  conclu- 
sion that  cast  iron  is  not  fit  material  for  high-temperature  steam. 
The  natural  substitute  is  steel,  which  is  used  with  fair,  even  complete, 
success  in  many  cases. 

5  It  is  known  that  cast  iron  will  grow  with  repeated  heatings 
and  coolings,  often  observed  in  the  ordinary  straight  grate  bar. 
When  the  bar  is  first  heated  it  expands  and  cools  as  it  contracts;  but 
if  the  temperature  has  been  high,  the  bar  will  increase  in  length. 
With  a  second  heating,  a  further  increase  takes  place,  followed  by 
many  others.     As  a  consequence  the  long  single,  straight,  flat  grate 

All  papers  are  subject  to  revision. 
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warps  and  proves  the  wisdom  of  McClave's  rule  "  Keep  your  long  lines 
of  metal  away  from  the  fire." 

6  This  subject  of  growth  has  been  treated  very  completely  by 
Outerbridge  in  his  excellent  paper  published  in  the  Journal  of  the 
Franklin  Institute  for  February  1904.  Mr.  Outerbridge  heated  his 
samples  to  redness  or  above,  temperatures  greatly  exceeding  that  to, 
which  a  steam-pipe  fitting  is  subjected. 

7  A  rough  experiment  on  this  line  was  tried  by  the  writer  with  two 
samples,  one  of  an  ordinary  cast  iron  and  a  second  of  a  high-grade  cast 
iron,  which  has  proved  itself  capable  of  carrying  superheated  steam 
and  of  which  a  detailed  analysis  is  given  in  the  following  pages  of  this 
pa}:>er.  The  two  samples  were  each  six  inches  long  and  one  inch  in 
diameter.  They  were  placed  in  a  banked  fire  over  night,  reaching 
a  dull  red  heat,  and  were  allowed  to  cool  in  the  air.  A  slight  growth 
as  measured  by  micrometer  was  found  in  each  piece. 

8  This  treatment  was  followed  for  two  or  three  nights  and  the 
growths  were  measured.  There  was  an  increase  in  the  length  of  each 
of  the  samples,  the  high-grade  iron  having  increased  in  length  slightly 
more  than  did  the  ordinary  iron.  The  experiment  so  far  as  it  went 
tended  to  show  that  the  growth  of  cast  iron  does  not  necessarily  unfit 
it  for  the  usual  degree  of  superheat  in  power-house  work. 

9  Many  grades  of  brass  will  crumble  when  heated  in  a  forge  to  a 
barely  visible  red,  and  are  quite  unfitted  to  support  any  stress  at  such  a 
temperature.  But  this  characteristic  in  no  way  unfits  very  ordinary 
cast  brass  for  saturated  steam  work,  and  one  should  not  hesitate  to 
use  a  valve  of  cast  brass  up  to  three  inches  in  diameter  for  150  lb. 
saturated  steam  pressure.  Three  inches  is  not  usually  exceeded 
because  values  of  large  brass  bodies  are  expensive. 

10  Articles  have  appeared  in  various  publications  showing  the 
disability  of  cast  iron,  tensile  tests  being  made  before  and  after  the 
use  of  fittings  of  ordinary  iron.  Cases  of  bronze  seats  dropping  from 
valves  were  cited  and  it  was  not  difficult  to  prove  that  something 
better  than  ordinary  cast  iron  was  needed  for  steam  of  180  lb.  pressure 
and  250  deg.  superheat.  These  failures  came  from  two  causes.  In 
the  first  place  the  iron  itself  was  not  of  sufficiently  good  quality;  and, 
secondly,  the  parts  were  not  thick  enough.  The  static  stress  prob- 
ably did  not  exceed  1000  lb.  in  the  body:  but  static  stress  is  not  the 
important  load  which  fittings  have  to  support. 

11  Stresses  from  expansion  and  contraction  within  and  without 
the  casting  and  stresses  from  pulling  up  joints  no  doubt  greatly  exceed 
the  static  load  even  in  pipe  very  carefully  erected.     The  troubles  are 
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aggravated  by  the  action  of  the  steam  itself,  but  it  is  yet  to  be  proved 
that  the  steam  or  its  high  temperature  will  of  itself  start  cracks  in  a 
properly  designed  fitting. 

12  The  ordinary  commercial  extra-heavy  flanged  tee,  8  in.  inside 
diameter,  has  a  body  I  in.  and  flanges  If  in.  thick.  It  is  made  of 
common  iron,  having  a  tensile  strength  of  about  18000  lb.  Such  a 
fitting  will  fail  with  superheated  steam  at  175  lb.  pressure  and  200 
deg.  superheat.  Within  a  year  the  inner  surfaces  will  have  a  network 
of  cracks,  some  of  which  will  increase  in  depth  till  they  extend  through 
the  body.  The  flanges  will  crack  outward  from  the  bolt  holes  and  the 
fitting  will  become  not  only  leaky  but  dangerous  as  well.  The  writer 
has  observed  just  such  castings,  an  analysis  of  some  of  them  being 
given  later  in  this  paper.  Similar  effects  have  been  experienced  by  a 
great  many  steam  users.  The  fittings  are  inherently  weak  to  begin 
with ,  so  that  the  failures  do  not  prove  that  a  heavier  fitting  of  better 
iron  is  unsuited  for  superheated  steam  work. 


Fig.  1     A  10-in.  Steel  Fitting,  the  Irregular  Line  at  A  Showing  Point 
OF  Failure  under  Superheated  Steam  Service 


13  Within  the  experience  of  the  writer  steel  fittings  have  failed 
with  superheated  steam.  Out  of  twenty-five  steel  gate  valves,  6,  8 
and  10  in.  in  diameter,  not  more  than  four  were  fairly  tight  after  one 
year's  service,  the  bodies  themselves  yielding  enough  to  leak  badly. 
Some  defects  in  the  castings  developed  allowing  steam  to  pass  straight 
through  the  walls,  when  they  left  the  foundry.  Some  of  these  defects 
were  such  that  the  fittings  and  valves  could  not  be  repaired.  Tn  some 
cases  seats  were  scraped  in  once  or  twice  and  holes  were  plugged  up 
or  patched,  but  the  material  would  not  have  been  satisfactory  with- 
out this  working  over.  Yet  all  these  castings  were  heavy,  materially 
thicker  than  the  commercially  extra-heavy  cast-iron  product,  and  had 
passed  a  rigid  inspection. 
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14  Fig.  1  shows  a  lO-in.  steel  fitting ;  the  irregular  line  at  A  showing 
a  defect  developed  after  use.  The  line  does  not  pass  clear  through 
the  casting,  and  no  doubt  the  piece  was  amply  strong  to  resist  rupture 
even  after  the  fault  developed.  Some  of  these  fissures  went  3  in. 
back  and  were  5  in.  broad.  Such  a  large  opening  in  a  shell  is  objection- 
able for  there  are  blow-holes  enough  adjacent  to  it  to  pass  steam  in 
large  quantities.  Some  fittings  of  this  kind  were  removed  from  the 
line  entirely,  while  others  were  plugged  or  patched. 

15  No  doubt  a  thoroughly  sound  steel  casting  is  able  to  withstand 
highly  superheated  steam.  There  are  several  connected  to  the  sys- 
tem under  discussion.  So  far  as  it  has  been  possible  to  observe,  super- 
heated steam  does  not  of  itself  initiate  defects  and  it  is  not  supposed 
that  the  sound  metal  undergoes  a  change,  either  chemically  or 
structurally.  But  if  there  is  an  initial  defect,  superheated  steam  is 
much  more  active  in  bringing  out  the  objectionable  features  of  that 
defect.  It  may  well  be  that  the  material  within  the  body,  and  not  a 
part  of  the  actual  metal,  suffers  through  change  of  some  sort.  This 
material  does  not  add  to  the  strength  of  a  casting  but  it  may  serve  to 
stop  up  holes  if  allowed  to  lie  undisturbed. 

16  It  would  appear  that  some  material  better  than  the  ordinary 
steel  casting  was  desirable  for  high  temperature  work.  Such  a 
material  is  found  in  gun  iron.  Gun  iron  is  nothing  more  than  a  high- 
grade  cast  iron,  which  any  first-class  iron  foundry  can  produce.  In 
the  days  of  the  smooth  bore  caimon,  a  few  foundries  discovered  that 
it  was  possible  to  produce  an  iron  having  a  tensile  strength  of  30,000 
lb.  or  more.  The  government  specified  it  for  its  guns  and  it  was 
called  gun  iron.  Probably  a  tensile  strength  of  30,000  lb.  is  not 
needed  in  steam  fittings,  but  iron  of  that  quality  is  well  adapted  for 
180  lb.  steam  with  300  deg.  superheat. 

17  From  such  observations  as  have  been  thus  far  possible  it 
appears  that  certain  elements  in  the  iron  are  liable  to  cause  trouble 
when  present  in  excess,  and  perhaps  the  worst  of  these  is  silicon. 
It  is  at  present  going  too  far  to  say  that  every  high  silicon  iron  will 
fail  and  that  every  low  silicon  iron  will  prove  successful,  but  there  is 
much  evidence  pointing  toward' the  correctness  of  such  a  surmise. 
In  any  event  iron  of  low  sihcon,  low  phosphorus  [and]  low  carbon — 
in  other  words,  gun  iron — has  proved  successful. 

18  The  following  analysis  shows  the  character  of  a  casting  which 
failed  at  250  deg.  superheat : 


Silicon 

2 .  40     per  cent 

Manganese 

0.52 

per  cent 

Sulphur 

0.067  per  cent 

Total  carbon 

3.19 

per  cent 

Phosphorus 

0 .  94     per  cent 

Combined  carbon 

0.25 

per  cent 
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ly     A  second  failure  developed  in  this  iron: 


Silicon 

1 . 98     per  cent 

Manganese 

0.42 

per  cent 

Sulphur 

0.068  per  cent 

Total  carbon 

3.31 

per  cent 

Phosphorus 

0 . 65     per  cent 

Combined  carbon 

0.24 

per  cent 

20  In  each  of  these  cases  a  sample  was  taken  by  drilling  a  hole 
straight  into  the  body  after  the  part  had  been  in  service  a  year  or 
more  and  was  in  bad  condition. 

21  The  following  analysis  is  of  an  iron  that  has  been  successful  in 
every  respect  for  four  years  under  300  deg.  superheat: 


Silicon 

1 . 72     per  cent 

Manganese 

0.48 

per  cent 

Sulphur 

0.085  percent 

Total  carbon 

2.45 

per  cent 

Phosphorus 

0 . 89     per  cent 

Combined  carbon 

0.17 

per  cent 

22  The  latter  sample  is  from  an  8  in.  valve  and  it  is  tight  today, 
no  repairs  whatever  having  been  made  upon  the  valve  during  the 
four  years  though  the  bonnet  was  taken  off  once  to  permit  internal 
examination.  The  outer  surface  of  the  valve  was  covered  with  85 
per  cent  magnesia  insulation,  four  and  one-half  inches  thick.  The 
inner  surface  appeared  sound;  a  microscope  revealed  no  cracks  or 
other  defects.  The  unfinished  surfaces  were  struck  several  sharp 
blows  with  a  ball-peen  hammer,  a  hand  chisel  was  driven  straight  at 
the  surface  and  some  thick  chips  were  cut  off  from  the  rough  portion. 
If  the  metal  had  suffered  to  such  an  extent  as  cast  iron  is  supposed 
to  suffer,  some  of  the  defects  would  have  made  themselves  manifest. 
After  these  treatments  the  valve  was  reassembled  and  has  continued 
to  perform  its  work  properly. 

23  Foundrymen  are  not  afraid  to  attempt  to  produce  this  iron. 
No  difficulty  whatever  was  encountered  in  securing  bids  for  valves 
made  of  the  following  mixture: 

Silicon  1 .  40  per  cent  to  1 .  60  per  cent 

Phosphorus  0 .  20  per  cent  to  0 .  40  per  cent 

Sulphur  0 .  06  per  cent  to  0 .  09  per  cent 

Manganese  0 .  45  per  cent  to  0 .  75  per  cent 

Total  carbon     3 .  00  to  3 .  25  per  cent 

It  will  be  noted  that  the  percentages  of  silicon  and  phosi3horous  are 
low. 

24  There  is  of  course  a  decided  advantage  in  depending  upon 
chemical  analj^sis  for  determining  the  suitability  of  fittings.  A  hole 
can  be  drilled  at  any  time  in  the  actual  fitting  and  a  few  grams  of 
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sample  secured.  Very  few  of  us  are  willing  to  destroy  a  fitting  to 
obtain  a  test  bar,  and  test  coupons  cast  in  the  foundry  may  or  may 
not  represent  the  actual  piece. 

25  Superheated  steam  was  in  commercial  use  in  Europe  before 
the  practice  had  gained  its  present  hold  here.  England  and  Germany 
were  using  superheated  steam  twenty  or  more  years  ago.  The  writer 
has  not  discussed  this  subject  with  engineers  from  abroad,  but  wishes 
to  quote  briefly  those  who  have. 

26  E.  D.  Dickenson,  of  Schenectady,  on  a  recent  trip  abroad 
asked  a  great  many  manufacturers  whether  they  used  steel  for  their 
superheated  work  and  received  a  negative  reply  in  each  instance. 
When  the  manufacturer  was  questioned  in  regard  to  his  iron  mixture 
he  shrugged  his  shoulders  and  replied  that  he  made  his  iron  fit  his 
needs,  be  it  gas-engine  cylinder  or  steam  pipe. 

27  John  Primrose,  in  Power  and  the  Engineer,  for  June  8,  1909, 
states  that  he  discussed  the  matter  with  English  and  German  engi- 
neei's.  In  one  instance  a  well-known  German  engineer,  who  had  used 
superheat  for  twenty-five  years,  was  surprised  that  he  had  not  learned 
of  the  effect  of  superheated  steam  upon  cast  iron.  The  engineer 
promised  to  investigate  the  matter  in  Germany,  but  he  could  find 
nothing  to  bear  out  the  contention,  and  could  find  no  one  who  believed 
that  such  a  thing  was  possible. 

28  It  is  not  the  author's  intention  to  state  that  steel  of  good 
quality  will  not  do  for  superheated  work.  Some  manufacturers  are 
putting  out  fittings  of  open-hearth  steel  which  are  doubtless  good; 
but  any  foundry  can  make  gun  iron  if  it  will,  and  delay  and  uncer- 
tainty will  be  decreased  by  its  use. 


GAS  POWER  SECTION 

REPORT  OF  PLANT  OPERATIONS  COMMITTEE 

Your  Committee  has  devoted  all  possible  time  during  the  year  to 
executing  the  instructions  of  the  Gas  Power  Section  and  begs  to  pre- 
sent this  report. 

2  Briefly,  the  duties  of  the  Committee,  as  outlined  by  the  secre- 
tary of  the  Gas  Power  Section,  were  to  prepare  a  standard  set  of 
forms  to  be  used  in  connection  with  the  operation  of  gas  power  plants, 
which  would  show: 

a  The  load  curve  for  various  times  of  the  year. 

b  Cost,  character  and  amount  of  material  used  in  operating. 

c  Repair  material,  cost,  etc. 

d  Operating  labor  as  to  the  number  and  character  of  men, 

wages,  etc. 
e  Repair  labor,  cost,  etc.         •  . 

/  Detail  dimensions  of  the  plant. 
g  Data  on  reliability  of  operation. 

3  Taking  the  requirements  of  the  first  six  items  collectively,  as 
item  g  does  not  require  a  special  form,  your  Committee  has  prepared 
a  set  of  six  forms  which  are  submitted  for  your  approval,  as  follows  : 

Form  1  is  a  Producer  Log,  for  a  daily  report  of  the  operation  of 
the  producer  plant. 

Form  2  is  an  Engine  Log,  for  a  daily  report  of  the  operation  of 
the  engine  plant. 

Form  3  is  a  Load  Curve  Form  for  plotting  the  load  on  the 
station  for  any  desired  day. 

Form  4  is  a  Monthly  Data  Sheet.  It  is  intended  for  the  col- 
lection of  data  obtainable  from  the  daily  station  records, 
pay  rolls,  etc.,  so  as  to  present  a  comprehensive  monthly 
statement  of  the  operation  of  the  plant. 

Form  5  is  a  Monthly  Cost  Sheet.  It  is  intended  to  show,  in  a 
few  items,  the  station  costs  both  of  operation  and  of 
repairs. 

Form  6  is  a  Dimension  Sheet  which  is  self  explanatory. 
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4  All  the  forms,  with  the  exception  of  the  Monthly  Data  Sheet, 
arc  of  the  same  size  as  the  standard  business  correspondence  sheet, 
namely,  8^  in.  by  11  in.;  therefore  they  may  be  readily  filed  in  any 
commercial  form  of  vertical  filing  cabinet.  The  requirements  of  the 
Monthly  Data  Sheet  are  obviously  beyond  the  scope  of  the  standard 
8^  in.  by  11  in.  size.  It  is  therefore  made  on  a  sheet  just  double  this 
size,  namely  11  in.  by  17  in.,  so  that  one  fold  through  the  middle  of  the 
long  way  of  the  sheet  reduces  it  to  the  standard  8^  in.  by  11  in.  size, 
and  it  may  be  filed  in  the  same  size  cabinet.  These  sizes  permit 
any  company  having  standard  letter  files  to  conveniently  file,  keep 
and  refer  to  the  various  forms. 

5  Taking  up  these  forms  in  detail,  the  Producer  Log  and  Engine 
Log  as  submitted  provide  for  a  station  of  not  more  than  three  units. 
This  seems  to  cover  the  majority  of  the  gas  power  plants  today. 
Should  any  company  having  more  than  three  units  desire  to  use  these 
forms  it  would  be  a  simple  matter  to  have  them  reproduced  on  the 
11  in.  by  17  in.  paper  and  thereby  obtain  space  for  any  probable 
number  of  units.  The  Monthly  Data  Sheet  as  submitted  is  also  based 
on  a  maximum  of  three  units,  and  here  again  it  would  be  a  very  simple 
matter  to  provide  for  additional  units  by  a  slight  change  in  the  spac- 
ing at  the  top  of  the  sheet. 

PRODUCER    LOG 

0  The  Producer  Log  is  intended  to  be  kept  by  the  operator  in 
charge  of  the  producer  room.  At  the  left  hand  side  of  the  sheet  is 
to  be  recorded  the  time  of  starting  and  stopping  each  unit  and  the 
length  of  its  run,  by  drawing  a  vertical  line  from  the  time  of  starting 
to  the  time  of  stopping.  The  red  ^horizontal  lines  indicate  the  time; 
the  longest  ones,  the  hours,  the  shortest  ones,  the  half-hours,  and  the 
others,  the  quarter-hours.  When  a  producer  goes  into  service,  the 
operator  should  make  a  record  on  the  nearest  15-min.  line,  either  by  a 
dot  or  by  a  short  horizontal  line.  If  the  producer  is  taken  out  of 
service  again  during  that  day,  the  same  means  should  be  employed  to 
indicate  the  time.  These  two  dots  or  short  horizontal  marks  are  then 
to  be  connected  by  a  vertical  line,  the  length  of  the  vertical  line 
indicating  the  time  the  producer  is  in  service.  If  it  should  be  in  service 
at  the  begiuning  of  the  day  and  run  through  into  the  next,  a  vertical 

'  Black  ink  only  vised  in  these  reproductiou«.  Captions  explain  colors  used 
in  original  forms 
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rOli.M  1     I0-2T-'09 


THE. 


-COMPANY 

(City)  (State) 

Station  No 

GAS  POWER  PLANT 

PRODUCER  LOG  Date    19___ 


See  other  side  Chief  Engineer 

Form  1,  Producer  Log.     Reproduced  Quarter  Size^CJ'^Width^and  Height) 
the  actual  form  18  to  be  on  a  standard  letter-size  sheet  8 j  by  11  in.    horizontal 

LINES  UNDER  THE  HEADING  AND  TO  THE  RIGHT    OP  THE  RECORD  OF  PRODUCERS  IN  SERVICE 
TO    BE    RULED    IN    BLUE;    OTHER    LINES    IN    RED. 

fSEB  NEXT  page) 
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(The  following  note  is  to  be  printed  on  the  back  of  Form  1  of  which  it  forms  a  part.) 

Note:  The  time  in  service  is  to  be  indicated  by  a  vertical  line  having  its  upper 
end  at  the  time  when  the  producer  was  started  and  its  lower  end  at  the  time 
when  the  producer  was  stopped.  The  longest  horizontal  Unes  indicate  the  hours 
and  the  other  Unes  indicate  the  quarter-hours.  The  water-meter  should  be 
read  at  the  same  time  each  day. 

The  gas  value  given  is  to  be  the  gross  value. 
P  is  abbreviation  used  for  producer, 
S  is  abbreviation  used  for  scrubber. 

This  log  is  to  be  made  up  at  the  Station  and  signed  by  the  Chief  Engineer.  It 
must  reach  the  Office  not  later  than  noon  of  the  day  succeeding  that  for  which 
the  records  are  made. 
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FORM  2     10-27-'09        ^^^ COMPANY 

(City)  (State) 

Station  No. 

GAS  POWER  PLANT 


ENGINE  LOG 

Date- 

19___ 

In  Service 

Engine 

Indicating 
Wattmeters 

Temperatures, 
Deg.  Faiir. 

Water  Meter 

This  reading 

Last  reading 

Difference 

Supplies 

Cylinder  oil : 

Engine  oil 

cu.  tt. 

NO. 

1 

NO. 

2 

NO. 
3 

NO.  1 

NO.  2 

NO.  3 

water 

GAS 

AT 

THBOT 

cu.  ft. 

P.M. 

IN 

OUT 

A.M." 
1- 

2- 

gal. 

3- 

4- 

Waste 

Other  supplies 

- lb. 

fi- 



Remarks: 

7^ 

8- 
9-. 
10- 

11- 
12- 

P.M. 

1-: 

3-: 

^ 



\ 

n-i : 1 

'   i                . 

.s 

a-, i 

10 

ii-j ' 

''\        1        1        1 

Integrati 

NG  W^ 

lTTMEI 

ERS 

NO.  1 

NO.  2 

NO.  3 

AUXIL. 

This  reading 

Last  reading 

Difference 

Chief  Engineer 
See  other  side 

Form  2,  Engine  Log.     Reproduced  Quarter  Size  (^  Width  and  Height) 


the  actual  form  is  to  be  on  a  standard  letter-size  sheet  8^  by  11  in.  horizontal 
lines  under  the  heading  and  to  the  right  of  the  record  of  engines  in  service, 
and  the  corresponding  lines  under  "integrating  wattmeters,"  to  be  ruled  in 
blue;  other  lines  in  red. 

(see  next  page) 
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(The  following  note  is  to  be  printed  on  the  back  of  Form  2  of  which  it  forms  a  part.) 

Note:  The  time  in  service  is  to  be  indicated  by  a  vertical  line  having  its  upper 
end  at  the  time  when  the  engine  was  started  and  its  lower  end  at  the  time  when 
the  engine  was  stopped.  The  longest  horizontal  hnes  indicate  the  hours  and  the 
other  lines  indicate  the  quarter-hoiu's.  The  indicating  wattmeters  should  indi- 
cate the  "power  being  developed  by  the  respective  engine  units.  The  integrating 
wattmeters  should  give  the  work  delivered  to  the  respective  circuits.  Inlet  tem- 
peratures will  probably  be  the  same  for  all  engines.  Outlet  temperatures,  from 
all  engines,  should  be  read  but  need  only  be  recorded  in  rotation.  The  integrat- 
ing wattmeters  and  water-meter  should  be  read  at  the  same  time  each  day. 

This  log  is  to  be  made  up  at  the  Station  and  signed  by  the  Chief  Engineer.  It 
must  reach  the  Office  not  later  than  noon  of  the  day  succeeding  that  for  which 
the  records  are  made. 
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line  will  be  drawn  from  the  line  marking  12  o'clock  midnight  at  the 
beginning  of  the  day  to  12  o'clock  midnight  at  the  end  of  the  day. 

7  The  next  three  columns  provide  for  recording  hourly  the  pounds 
of  fuel  fired  in  each  producer.  Where  this  is  not  convenient,  and  the 
station  is  provided  with  means  for  keeping  the  24-hr.  consumption,  the 
total  quantity  burned  for  that  period  can  be  placed  as  a  footing  at  the 
bottom  of  the  column;  the  hourly  record  is  preferable,  however. 

8  The  next  six  columns  provide  for  recording  hourly  the  gas 
pressure  in  inches  of  water  at  each  producer  and  scrubber.  The 
following  three  columns  provide  for  recording  the  temperature  of  the 
gas  leaving  each  producer.  This  is  something  which  is  not  general 
practice,  but  your  Committee  believes  the  data  to  be  desirable.  On 
the  right  of  the  sheet,  the  amount  of  water  consumed  in  the  producer 
house  is  to  be  recorded.  This  amount  is  naturally  and  readily 
obtained  by  a  standard  form  of  water  meter  reading  in  cubic  feet. 
The  water  meter  should  preferably  be  read  at  the  same  time  each  day; 
though  whatever  that  hour  may  be  is  not  material.  The  reading  for 
the  day  reported  upon  is  taken  from  the  meter,  the  reading  for  the 
corresponding  period  for  the  previous  day,  or  whenever  the  last  read- 
ing was  taken,  is  entered  underneath,  and  the  difference  gives  the 
quantity  consumed  for  the  intervening  period.  Below  the  water 
meter  records,  there  is  a  space  for  recording  the  cubic  feet  of  gas 
made  during  the  day.  Your  Committee  freely  admits  that  it  does 
not  know  of  a  meter  to  be  recommended  for  this  purpose,  but  strongly 
feels  the  data  to  be  very  desirable,  and  does  know  that  several  manu- 
facturers are  endeavoring  to  develop  such  a  meter.  The  B.t.u.  value 
of  the  gas,  which  follows  the  quantity  record,  should  be  obtained  by 
means  of  a  standard  form  of  gas  calorimeter  such  as  is  recommended 
by  the  American  Gas  Institute. 

9  In  this  connection,  it  is  desired  to  point  out  the  fact  that  gas 
calorimeters,  as  ordinarily  installed  in  gas  power  plants,  are  practically 
valueless.  The  calorimetry  of  gas  is  more  in  the  nature  of  a  labora- 
tory operation  than  a  power  plant  operation,  and  a  gas  calorimeter, 
to  do  good  work,  should  be  installed  in  a  proper  location  of  even 
temperature  and  free  from  dirt  and  drafts,  and  should  be  operated  by 
a  man  who  has  been  trained  for  the  work,  or  at  least  instructed  in  the 
refinements  of  its  operation. 

10  The  B.t.u.  value  of  the  fuel  burned,  which  is  the  last  quantity 
called  for  on  the  sheet,  should  be  obtained  by  means  of  the  ordinary 
coal  calorimeter.  Unlike  the  B.t.u.  value  of  the  gas,  this  need  not  be 
determined  from  day  to  day.     The  number  and  the  frequency  of  the 
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analyses  must  be  determined  by  each  operator,  keeping  in  view  the 
condition  of  his  fuel  supply. 

11  At  the  bottom  of  the  form  is  a  space  for  remarks  explaining 
any  departure  from  the  usual  routine  of  operation.  The  sheet  is 
then  to  be  signed  by  the  chief  engineer  and  sent  promptly  to  the 
company's  office.  On  the  back  of  the  form  is  a  note  explaining  its  use 
to  the  station  operators. 

ENGINE    LOG 

12  The  Engine  Log  serves  a  similar  purpose  for  the  engine  room 
to  what  the  Producer  Log  does  for  the  producer  room.  At  the  left  of 
the  sheet,  the  run  made  by  each  unit  is  to  be  recorded  in  a  way  similar 
to  the  record  of  the  producer  units.  Following  these  are  three  columns 
calling  for  hourly  readings  of  the  indicating  wattmeters  of  each  unit. 
The  next  three  columns  are  for  recording  the  temperatures  of  the 
cooling  water,  both  entering  and  leaving  the  engine.  The  last  column 
provides  for  the  gas  temperature  at  the  throttle  of  the  engine.  At  the 
bottom  of  the  form,  the  readings  of  the  integrating  wattmeters  of 
each  unit  for  the  24-hr.  period  are  to  be  recorded  in  a  way  similar  to 
the  water  meter  readings.  There  is  also  provision  for  integrating 
wattmeter  readings  covering  all  the  auxiliaries  in  the  station  which  are 
operated  electrically.  This  latter  quantity  is  usually  small  and 
your  Committee  does  not  desm  it  necessary  to  attempt  to  itemize  it. 

13  At  the  right  of  the  sheet,  space  is  provided  to  record  the. 
amount  of  cooling  water  used  in  the  engine  room.  Following  are 
spaces  for  recording  the  quantities  of  cylinder  oil,  engine  oil  and  other 
lubricants,  waste,  and  other  supplies  used  in  the  plant.  These  supplies 
are  intended  to  include  those  for  the  producer  room  as  well  as  for  the 
engine  room.  As  the  bulk  of  them  are  used  in  the  engine  room,  it 
does  not  seem  worth  while  to  try  to  divide  the  amount  between  the 
two  rooms.  Doubtless  many  operators  will  find  it  inconvenient  to 
keep  a  daily  record  of  these  supplies  and  with  many  small  plants  it 
might  not  be  worth  while  to  attempt  such  a  record;  in  these  cases,  the 
supplies  for  a  longer  period  of  time  can  be  recorded  and  then  trans- 
ferred to  the  Monthly  Data  Sheet.  Your  Committee,  however, 
recommends  a  daily  accounting  where  possible.  Space  is  also  pro- 
vided for  remarks  by  station  operators,  and  as  in  the  case  of  the  Pro- 
ducer Log,  the  blank  is  then  to  be  signed  by  the  chief  engineer  and 
sent  to  the  company's  office.  On  the  back  are  instructions  to  the 
operation  people  on  the  use  of  the  form. 
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(The  following  note  is  to  be  printed  on  the  back  of  Form  3  of  which  it  forms  a  part.) 

The  dotted  line  shows  the  rated  capacity  of  the  units  in  service.  The  full  line 
shows  the  load  as  plotted  from  the  readings  of  the  indicating  wattmeters. 

This  curve  is  to  be  made  up  in  the  Office  from  data  on  Station  Logs,  at  such 
intervals  as  the  Company  may  determine. 
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14  In  this  connection,  your  Committee  wishes  to  emphasize  the 
fact  that  meter  readings,  thermometer  readings,  etc.,  are  of  little 
value  unless  accurate  apparatus  is  provided  and  periodic  inspections 
are  made  to  determine  their  accuracy.  Most  of  these  devices,  even 
with  the  best  of  care,  will  become  inaccurate,  and  all  should  be  checked 
at  frequent  intervals  by  careful  men  with  reliable  standards. 

LOAD-CURVE    FORM 

15  The  form  for  the  load  curve  is  prepared  on  standard  cross- 
section  paper  ruled  to  tenths  of  an  inch.  The  vertical  scale  repre- 
sents load  in  kilowatts,  its  magnitude  being  determined  by  the 
capacity  of  the  station.  The  horizontal  scale  represents  time,  each 
division  indicating  fifteen  minutes.  Your  Committee  submits  u 
sample  Load  Curve  Form  to  show  how  it  should  be  plotted.  The 
solid  line  is  plotted  from  the  readings  of  the  indicating  wattmeters 
as  reported  on  the  Engine  Log.  The  dotted  line  shows  the  rated 
capacity  of  the  units  in  service  and  is  also  plotted  from  the  Engine 
Log.  Superimposing  these  lines  shows,  at  a  glance,  the  character  of 
the  load  and  what  units  ought  to  be  in  operation  to  meet  the  demand. 
Your  Committee  recommends  a  load  curve  of  the  combined  station 
instead  of  one  for  each  unit. 

16  The  load  curve  may  be  plotted  either  in  the  station  or  in  the 
office  of  the  company,  as  may  be  most  convenient.  In  many  cases 
it  will  be  required  only  at  infrequent  intervals,  as,  for  instance,  at  a 
factory  plant,  where  the  character  of  the  load  does  not  change  much 
from  day  to  day.  In  the  case  of  electric  lighting  and  railway  plants, 
daily  load  curves  should  certainly  be  made.  With  the  Engine  Log 
accurately  filled  out  and  kept  on  file,  it  would  be  a  simple  matter  to 
make  a  load  curve  for  any  day  in  the  past,  if  such  were  required,  by 
referring  to  the  file  of  station  records. 

monthly  data  sheet 

17  The  Monthly  Data  Sheet  should  be  made  out  in  the  office  of  the 
company  as  early  as  possible  in  the  next  succeeding  month.  It  is  a 
summation  of  the  daily  data  found  on  the  Producer  and  Engine  Logs, 
the  pay  roll  of  the  plant,  etc.  At  the  top  of  the  sheet,  the  normal 
capacity  of  the  producers,  engines  and  generators  is  to  be  filled  in, 
and  as  these  figures  will  be  repeated  from  month  to  month,  they  will 
naturally  be  printed  with  the  form  when  a  company  is  ordering  a  supply 
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of  blanks.  Then  comes  a  brief  statement  of  the  kind  and  size  of  coal 
used  and  the  locality  of  the  mine  from  which  it  is  obtained.  For  the 
Class  of  Service,  the  work  of  the  plant  should  be  described,  as  electric- 
light  plant,  railway  plant,  factory,  industrial  plant  or  otherwise.  A 
statement  of  the  number  of  watches  or  shifts  that  a  plant  operates 
per  day  and  the  length  of  each  shift  in  hours  is  then  asked  for. 

18  Under  the  heading  Producer  Data,  at  the  left  of  the  sheet, 
column  1  calls  for  the  total  horsepower-hours  of  producers  in  service 
for  each  day  of  the  month ;  column  2,  the  daily  consumption  of  fuel  in 
the  producer  house;  column  3,  the  heat  value  of  the  fuel.  If  the 
latter  is  not  changing,  it  is  obviously  unnecessary  to  fill  this  in  daily. 
Colurtm  4  is  a  summation  of  the  water  used  in  the  producer  house 
as  measured  by  a  commercial  form  of  water  meter. 

19  Under  Engine  Data,  column  5  calls  for  the  total  horsepower- 
hours  of  the  prime  movers  in  service  during  each  24  hours.  Column 
6  calls  for  the  gas  consumed,  in  cubic  feet.  As  stated  in  the  remarks 
on  the  Producer  Log,  it  may  be  impossible  for  some  plants  to  fill  in 
this  column  at  the  present  time.  Column  7  calls  for  the  calorific 
value  of  the  gas.  It  will  be  noted  that  on  both  the  Producer  Log  and 
the  Monthly  Data  Sheet,  your  Committee  specifies  that  this  is  to  be 
the  gross  value.  The  gross  value  is  used  in  these  forms  because  the 
American  Gas  Institute  has  officially  adopted  it  for  use  in  all  cases. 
It  is  realized,  however,  that  it  is  still  an  open  question  whether  a 
power  plant  should  use  the  gross  or  the  net  heat  value  of  the  gas.  It 
may  be  an  injustice  to  charge  the  engines  with  something  they  are 
unable  to  use.  Your  Committee,  therefore,  suggests  that  this  ques- 
tion be  referred  to  the  Gas  Power  Standardization  Committee  of  the 
Society,  and  that  the  latter's  opinion  be  obtained  before  these  forms 
are  formally  adopted.  Columns  9,  10.  11,  12,  13  and  14  are  summa- 
tions from  the  Engine  Log. 

20  Under  the  heading  Load,  column  15  calls  for  kilowatt-hours 
generated.  This  is  to  be  interpreted  to  mean  the  gross  kilowatt- 
hours  delivered  by  the  generators  to  the  station  bus  bars  as  indicated 
by  the  recording  wattmeters  for  the  period,  without  any  deductions 
being  made  for  current  used  for  station  auxiliaries,  lighting,  etc.  In 
column  16  is  to  be  recorded  the  maximum  load  in  kilowatts  as  shown 
by  the  hourly  readings  of  the  indicating  wattmeters.  In  column  17 
is  to  be  recorded  the  power  required  by  the  electrical  auxiliaries  of  the 
station  as  shown  by  their  recording  wattmeters.  Two  spare  columns 
are  left  on  the  right-hand  side  of  the  sheet  for  data  which  may^  be 
required  in  special  cases. 
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Form  5     10-27-'09 

The    Company 

(City)                                                                (State) 
L.jJ  Station  No. 


f  "5 


Gas  Power  Plant 
Cost  Sheet  for  Month  of 19 


Supplies: 

Fuel  000  tons  @  $000.00  per  ton  of  2000  lb.  (delivered  alongside  of  producer 

and  including  disposal  of  ashes  after  removal  from  producer) $ 

Water cu.  f t.  @  00  cents  per  M  cu.  f t $ 

r  Cylinder  oil  @  00  cents  per  gal % 

Lubricants  \  Engine  oil  @  00  cents  per  gal $ 

[  Other  lubricants $ 

Waste  and  Miscellaneous  Supplies % 

Labor: 

Producer  room $ 

Engine  room % 

Electrical % 


Total  Operation. 


Labor  and  Material: 

Producers $ 

Producer  room  auxiliaries $ 

Main  engines ' $ 

B.   <  Engine  room  auxiliaries. 

p^  *EIectrical  Equipinent. 


Total  Repairs. 


Summary: 

Total  Operation. 
"       Repairs. . . 


Total  Station  Costs. 


Total  Kw.  Hrs. 

Kw.  Hrs.  generated 

"        "       used  in  plant 

Net  Kw.  Hrs.  output Cost  per  Net  Kw.   Hr. 

*  See  other  side. 


Form  5,  Monthly  Cost  Sheet.     To  be  Printed  on  Sheets  8^  by  11  in. 
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(The  following  note  is  to  be  printed  on  the  back  of  Form  5  of  which  it  forms  a  part.) 

Note:  The  entire  cost  of  maintaining  a  plant  should  be  separated  into  the 
cost  of  repairs  and  the  cost  of  replacements  and  these  headings  should  refer  to 
units  of  equipment  and  not  to  parts  of  units.  "Repairs"  should  include  the 
renewals  of  such  parts  as  grate  bars,  producer  linings,  piston  rings,  pistons, 
cylinders,  valves,  springs,  igniter  plugs,  generator  coils,  armatures,  etc.  "Re- 
placements" should  include  the  replacement  of  old  producers,  engines,  generators, 
etc.,  with  new  producers,  engines,  generators,  etc.,  when  the  former  are  worn  out 
or  have  become  antiquated.  "Replacements,"  in  so  far  as  their  cost  equals 
the  original  cost,  should  be  paid  for  out  of  the  depreciation  fund.  In  so  far  as 
their  cost  exceeds  the  original  cost,  they  should  be  paid  for  out  of  capital. 

The  cost  of  repairs  to  generators,  exciters,  switchboard  apparatus,  etc., 
should  be  entered  under  the  sub-heading  "electrical  equipment."  The  cost  of 
repairs  to  electrical  auxiharies  such  as  motor-driven  fans,  motor-driven  pumps, 
ignition  outfits,  etc.,  should  be  entered  under  the  sub-heading  "producer  room 
auxiharies"  or  "engine  room  auxiharies"  as  the  case  may  be. 

This  form  is  to  be  filled  out  in  the  Office  monthly  from  information  contained 
in  the  daily  station  Logs,  Pay-roll,  etc. 
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21  At  the  foot  of  the  Monthly  Data  Sheet  is  a  brief  statement  of 
the  labor  used  in  the  plant.  This  is  not  intended  to  be  a  summation 
of  the  pay  roll.  It  should  show  the  total  number  of  employees  of 
each  class,  the  number  of  hours  constituting  a  day's  work  for  each 
class,  and  the  rate  per  hour  paid  to  each  class.  In  other  words,  this 
labor  statement  is  intended  to  give  an  idea  of  the  amount  and  qual- 
ity of  labor  required  in  the  plant  and  can  be  readily  obtained  from 
the  station  pay  rolls.  Following  the  labor  statement,  a  space  is  left 
for  general  remarks.  On  the  back  of  this  form  is  a  brief  note  explain- 
ing how  it  is  to  be  used. 

MONTHLY    COST    SHEET 

22  The  Monthly  Cost  Sheet  is  a  financial  sumnuition  of  the  opera- 
tion of  the  plant.  This  is  likewise  to  be  filled  out  at  the  office  of  the 
company.  The  information  is  to  be  obtained  from  the  Monthly 
Data  Sheet,  the  pay  rolls  and  the  records  of  materials  used  during  the 
month.  Under  the  head  of  Operation,  the  first  item  calls  for  the 
numbei'  of  tons  of  fuel,  price  per  ton  anfl  total  cost  of  fuel  used  per 
month.  It  will  be  noted  that  the  word  "fuel"  is  used  in  its  broad 
sense,  and  the  cost  of  fuel  includes  the  disposal  and  removal  of  ashes. 
Some  members  have  thought  that  the  disposal  of  ashes  should  be  a 
separate  item.  The  opinion  of  the  majority  of  the  members  of  your 
Committee  is  that  if  the  cost  of  fuel  is  to  be  analyzed,  the  cost  of 
the  disposal  of  ashes  is  one  of  the  subdivisions,  but  that  it  is  of  no 
more  importance  than  the  freight  on  the  fuel  or  the  cost  of  handling 
the  fuel,  and  it  is  believed  that  for  the  present  at  least  it  is  not  worth 
while  attempting  to  itemize  it.  The  water,  lubricants,  waste  and 
miscellaneous  supplies  are  all  obtained  from  the  Monthly  Data  Sheet 
and  from  the  records  of  materials  used  during  the  month.  Labor  is 
obtained  from  the  station  pay  rolls.  The  summation  of  the  items 
under  the  head  of  Operation  gives  the  total  operating  cost  of  the  sta- 
tion for  the  month.  Under  the  head  of  Repairs,  quantities  are  like- 
wise obtained  from  the  Monthly  Data  Sheet,  the  pay  rolls  and  the 
records  of  materials  used  during  the  month. 

23  There  has  been  some  discussion  about  the  item  headed  Repairs 
for  Electrical  Equipment.  As  the  form  is  submitted  this  item 
uicludes  all  repairs  to  electrical  equipment  in  the  station,  whether 
to  main  generators,  electrical  auxiliaries  or  switchboard  apparatus. 
Your  Committee  believes  that  in  the  average  small  station  it  is  not 
worth  while  to  subdivide  this  item.     In  large  stations  it  is  desirable 


1396  REPORT    OF    PLANT    OPERATIONS    COMMITTEE 

SO  to  do,  and  for  such  cases  blank  lines  are  left  for  subdivisions.  The 
total  of  the  items  under  Repairs  covers  the  cost  of  up-keep  for  the 
month,  which,  added  to  the  operating  total,  gives  the  total  monthly 
cost  of  the  station.  Following  this  is  a  summation  of  the  output  of 
the  station.  The  kilowatt-hours  generated  and  those  used  in  the 
plant  are  both  obtained  from  the  Monthly  Data  Sheet,  their  diffci- 
ence  being  the  net  output,  which,  divided  into  the  total  station  cost, 
gives  the  cost  per  net  kilowatt-hour  for  the  month. 

24  Your  Committee  wishes  to  call  your  attention  to  the  note  on 
the  back  of  the  Monthly  Cost  Sheet  explaining  just  what  it  is  desired 
to  include  under  the  heading  Repairs.  Many  companies  are  not 
particular  about  separating  the  item  of  repairs  from  that  of  replace- 
ment; consequently  repair  data  are  misleading  and  often  of  little 
value. 

25  As  this  Committee  is  a  plant  operations  committee  it  has 
endeavored  to  eliminate  entirely  everything  not  strictly  operating. 
Some  members  have  criticised  the  Cost  Sheet  because  it  did  not 
include  managerial  expense,  taxes,  repairs  to  buildings  and  other 
items  of  this  character.  Your  Committee  feels  that  these  belong 
properly  to  the  subject  of  financial  expense  rather  than  operating. 
It  is  true,  for  instance,  that  a  power  plant  must  be  housed  and  that 
it  should  be  charged  with  the  cost  of  building.  The  character  of  the 
buildings,  however,  varies  so  widely,  and  the  cost  of  the  real  estate 
upon  which  they  are  built  is  so  much  a  question  of  location  rather 
than  of  the  design  and  operation  of  the  plant,  that  comparison  of  these 
figures  means  nothing  without  a  knowledge  of  many  details  concern- 
ing them.  Your  Committee  therefore  feels  it  is  wise,  at  this  time, 
to  omit  such  items. 

26  Since  these  forms  were  virtually  completed,  Mr.  Davidson  of 
this  Committee  was  fortunately  enabled  to  discuss  the  proposed  Cost 
Sheet  at  length,  with  Mr.  Duffy,  comptroller  of  his  company,  the 
Milwaukee  Electric  Railway  and  Light  Company,  and  with  Mr. 
Hagenah  of  the  Wisconsin  Railroad  Commission.  These  gentlemen 
have  kindly  given  much  thought  to  the  proposed  forms  and  have 
made  a  number  of  radical  suggestions.  Time  did  not  permit  your 
Committee  to  make  full  use  of  these  suggestions,  but  as  they  are  based 
on  wide  experience  (the  Wisconsin  Railroad  Commission  in  particular 
having  done  a  great  deal  of  work  on  the  subject  of  accounting  for 
public  utilities  companies)  it  seems  that  some  consideration  should 
be  given  to  their  suggestions.  The  forms  proposed  by  these  gentle- 
men, together  with  an  abstract  of  a  letter  from  Mr.  Hagenah  giving 
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FORM  6     10-27-09 

The     Company 

(City)  (State) 

Station   No 

Gas  Power  Plant 

Details  op  Plant 

Producers  : 

Number Suction  or  pressure 

Inside  diameter Type  of  bottom 

Height  of  fire-bed Thickness   of  lining 

Wet  Scrubber;  type Size 

Dry  Scrubber;  type Size     '..... 

Vaporizer;  type 


Gas  Engines: 

Number Horizontal  or  vertical 

R.  p.  m Single  or  double  acting 

Type  of  cycle How  connected  to  load 

Cyhnders;  number Arrangement 

Diameter  and  stroke  of  pistons 

Compression  (by  indicator) Clearance  (^  of  displacement) 

Number  of  bearings  rigidly  in  hne 

How  started Air  pressiu'e 

Type  of  ignition Source  of  ignition  supply 

Auxiliaries 


Remarks. 


Form  6,  Dimension  Blank.     To  be  Printed  on  Sheets  8+  by  11  in. 
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his  arguments  in  support  of  the  forms  they  recommend,  are  therefore 
contained  in  Addendum  A  to  this  report. 

27  About  the  same  time,  Mr.  Freyn  of  this  Committee  called 
attention  to  the  fact  that  the  forms  as  proposed  did  not  conveniently 
meet  the  blast-furnace  gas  plant  requirements,  which  is  perfectly 
true.  Your  Committee  had  considered  that  blast  furnace  gas  plants 
are  in  a  class  by  themselves,  requiring  quite  different  treatment. 
Most  of  these  plants  are  adjuncts  of  large  manufacturing  corporations 
which  now  have  their  own  forms  and  records.  Mr.  Freyn,  however, 
was  appointed  special  subcommittee  of  one  to  submit  forms  for  blast- 
furnace gas  plants  and  has  submitted  forms  which  also  were  received 
too  late  for  your  Committee  to  give  them  careful  attention.  They 
are  submitted  as  Addendum  B  to  this  report. 

CONCLUSION 

28  Your  Committee  realizes  that,  in  attempting  this  work,  it  is 
trying  to  accomplish  something  that  has  never  before  been  done, 
namely,  to  prepare  a  set  of  forms  to  be  adopted  and  used  generally  by 
people  many  of  whom  are  operating  gas  power  plants,  not  as  their 
principal  business,  but  as  a  small  and  necessary  adjunct.  It  is  felt 
that,  at  least  for  the  present,  these  forms  should  be  simple,  concise, 
easily  kept  and  so  designed  that  when  they  are  properly  kept,  they 
will  be  of  value  to  the  people  keeping  them.  Many  operators  today 
keep  no  records,  and  if  they  were  approached  with  an  elaborate  set  of 
forms  each  containing  many  items,  they  would  doubtless  refuse  to  use 
them  on  the  ground  that  the  expense  and  inconvenience  involved  is 
not  warranted  by  any  possible  saving.  To  meet  this  situation,  it  has 
been  the  intention  to  err,  if  at  all,  in  the  direction  of  simplicity.  If  a 
set  of  forms  can  be  prepared  which  will  meet  the  approval  of  a  large 
number  of  power  plant  operators  and  be  adopted  by  them,  a  big  step 
will  have  been  made.  The  use  of  these  forms  for  a  short  time,  by  a 
number  of  concerns  of  varied  character  and  interest,  will  quickly  dem- 
onstrate where  they  should  be  altered.  It  does  not  at  all  follow  that 
these  forms  cannot,  in  many  instances,  be  elaborated  upon  at  the 
start,  and  should  a  particular  operator  find  that  certain  items  of 
which  he  desires  to  keep  a  record  are  not  mentioned,  it  is  a  simple 
matter  to  add  such  items  to  the  forms  submitted. 

29  Referring  to  the  forms  in  Addendum  A  submitted  by  Messrs. 
Davidson,  Duffy  and  Hagenah,  your  Committee  feels  that  they  are 
itemized  more  than  is  necessary  for  the  present,  and  generally  do  not 
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fit  the  requirements  of  the  work  as  well  as  those  contained  in  the 
report  itself.  It  might  possibly  be  well  to  give  more  time  to  these 
forms,  conferring  with  the  Wisconsin  Railroad  Commission  and  other 
State  commissions  having  jurisdiction  over  similar  accounts  in  their 
respective  commonwealths,  before  these  forms  are  finally  adopted. 
It  should  be  borne  in  mind,  however,  that  a  State  commission  has 
certain  authority  regarding  what  data  should  be  kept  and  how,  while 
your  Committee  possesses  no  such  authority  and  its  forms  must  have 
sufficient  merit  to  win  their  own  way.  Your  Committee  would  also 
like  to  point  out  the  fact  that  a  committee  consisting  of  twenty  mem- 
bers scattered  over  a  wide  range  of  territory  is  very  unwieldy,  especi- 
ally in  work  of  this  character  which  does  not  permit  of  subdivision. 
Should  it  be  desired  to  continue  the  committee  it  is  believed  that  the 
work  would  be  greatly  facilitated  by  radically  reducing  the  number 
of  members. 

Respectfully  submitted 
I.  E.  MouLTROP,  Chairman 
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ADDENDUM  A 

MONTHLY  COST  SHEET  FORMS 
Submitted  by  Messrs.  Davidson,  Duffy  and  Hagenah 

These  forms  are  submitted  by  the  above  named  gentlemen  as 
in  their  opinion  superior  to  those  offered  by  your  Committee.  They 
are  probably  best  explained  by  quoting  direct  from  Mr.  Hagenah  who 
wi'ites  in  regard  to  them  as  follows: 

After  studying  the  form  it  appeared  to  me  that  while  it  contained  some 
excellent  features  in  the  separation  of  expenses  between  Operation  and  Repairs 
and  these  in  turn  subdivided  between  SuppUes  and  Labor,  my  first  criticism 
would  be  that  the  blank  does  not  go  far  enough  in  the  appMcation  of  these  princi- 
ples. If  the  object  of  tliis  blank  is  to  show  the  cost  of  electric  energy  generated  by 
gas  power,  it  should  also  show,  in  so  far  as  this  is  possible,  the  cost  of  all  elements 
entering  into  such  final  figures.  Of  primary  importance  among  these  items  is  the 
cost  of  power  gas.  This  expense  is  likewise  divisible  into  the  expense  of  Opera- 
tion and  the  expense  of  Maintenance  and  these  in  turn  consist  of  Labor  and 
Supplies. 

I  have  always  maintained  that  the  principle  of  cost  accounting,  showing  the 
cost  of  each  process  in  the  chronological  and  natural  order  of  production,  should 
be  adhered  to  wherever  possible  and  departed  from  only  for  good  reasons.  It 
appears  to  me  that  every  station  engineer  would  wish  to  know  for  his  own  guidance 
and  satisfaction  the  cost  of  so  large  an  item  of  expense  as  the  gas  produced  for 
power  purposes.  More  particularly  is  this  desirable  in  the  case  of  those  plants  in 
which  the  total  amount  of  gas  produced  is  not  used  for  electric  generation,  but  is 
produced  for  the  benefit  of  two  or  more  departments.  The  blank  which  you  have 
submitted  to  me  does  not  admit  of  tliis  separation  and  analysis,  and  since  nearly 
every  account  contains  some  gas  production  expense  and  some  electric  power 
expense,  I  am  inclined  to  believe  the  blank  would  not  lend  itself  to  the  satisfac- 
tory use  of  some  of  the  larger  plants  in  this  state. 

In  this  connection  I  recall  several  conferences  which  were  had  prior  to  the 
final  adoption  of  the  present  Wisconsin  uniform  classifications  of  accounts  for  the 
different  utility  services.  When  I  say  that  these  conferences  were  attended  by 
engineering  and  accounting  representatives  of  sorne  of  the  largest  gas  and  electric 
plants  in  the  United  States,  and  that  this  method  of  separation  of  accounts 
received  the  most  thorough  discussion  and  was  finally  agreed  to  by  them  and 
incorporated  in  the  Wisconsin  official  classifications,  I  may  be  pardoned  for  sub- 
mitting the  enclosed  blanks  which  recognize  the  above  features  and  therein  go 
further  than  the  blanks  j^repared  by  the  Plant  Operations  Committee. 

In  defense  of  the  enclosed  blanks  I  beg  to  call  your  attention  to  the  fact  that 
they  permit  of  the  separate  cost  analysis;  apply  equally  to  plants  whose  total  gas 
production  is  used  for  electric  generation  or  apportioned  over  several  departs 
ments;  and  constitute  an  elastic  outline  which  can  be  followed  by  plants  of  all 
sizes.  The  smaller  plants  may  combine  the  details  of  Labor,  Supplies  and  Main- 
tenance into  but  three  accounts,  if  necessary,  while  the  larger  plants  can  subdivide 
the  accounts  given  to  the  greatest  degree  of  refinement  without  destroying  the 
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basis  for  comparative  statistical  study.  In  regard  to  the  definitions  of  terms 
used  in  these  forms  and  the  text  of  instructions  therefor,  together  with  the  appor- 
tionment of  the  final  cost  of  production,  I  beg  to  refer  j'-ou  to  the  text  of  instruc- 
tions accompanying  the  Wisconsin  classification  of  accounts  for  electric  utilities, 
to  which  classification  these  blanks  conform  with  the  exception  of  several  account 
titles  and  subdivisions,  in  which  respect  I  believe  the  outline  of  the  Plant  Opera- 
tions Committee  is  preferable. 

The  following  are  some  changes  which  I  wish  to  call  to  your  attention : 
The  outline  of  the  Plant  Operations  Committee  makes  no  mention  of  the  cost 
of  removing  residuals  from  buildings.  I  presume  the  text  of  instructions  for  the 
blank  would  cover  this  point.  I  prefer  the  account  title  Lubricants  to  Oil  in  view 
of  the  fact  that  Lubricants  is  a  broader  term  and  I  am  informed  that  other  lubri- 
cants than  the  two  kinds  of  oil  mentioned  may  be  used.  This,  however,  may  not 
be  very  important.  In  a  large  plant  I  believe  it  would  be  advisal)le  to  determine 
separately  Maintenance  of  Generators  as  distinct  from  Maintenance  of  other  Elec- 
trical Equipment.  Small  plants  could  easily  combine  these  two  if  necessary. 
The  account  Removal  of  Ashes  is  an  improvement  over  the  Wisconsin  system.  I 
have  added  the  accounts  Maintenance  of  Producer  Buildings,  Fixtures  and  Grounds, 
Maintenance  of  Power  Plant  Buildings,  Fixtures  and  Grounds,  for  which  no 
provision  is  made  in  the  outline  of  the  Plant  Operations  Committee. 

The  recommended  forms  follow  on  the  two  succeeding  pages. 
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FORM  1  ADDENDUM  A 
COMPANY 

CITY STATE 

GAS  PLANT  MONTHLY  COST  SHEET  FOR ,19 PLANT  NO. 

PRODUCER  PLANT  AND  BY-PRODUCT  PLANT 


Cents  pkr 
M.  Cu.  Ft. 

Gas 
Produced 


Gas  and  Bt-Product  Production-Operation: 

1  Producer-Plant  Operating  Labor   (Including  Superintendence,   Fuel 

Handlers,    Producer   Plant    Labor,    Ash   Handlers,    Miscellaneous 
Labor,  Pumpmen,  Water  Purification  Labor) 

2  By-Product  Plant  Operating  Labor  (Including  Superintendence,  Resi- 

dual Handlers,  Miscellaneous  Labor) 

Fuel  (Average  B.t.u.      For  one  cent ) 

Water  ( cents  per  M  cubic  feet) 

Removal  of  Ashes  Expense  (Haulage;  Debit  in  black.  Credit  in  red) 
Producer  Plant,  Miscellaneous  Supplies  and  Expenses 
By-Product  Plant,  Miscellaneous  Supplies  and  Expenses 

Total  Operation 
Gas  and  By-Products  Production-Maintenance: 
8     Producers  and  Producer  Auxiliary  Equipment 
By-Product  Plant  Equipment 
Coal  and  Ash-Handling  Equipment 
Producer  Plant  Buildings,  Fixtures  and  Groimds 
By-Product  Plant  Buildings,  Fixtures  and  Grounds 

Total  Maintenance 
Total  Cost  of  Gas  and  By-Product  Production 
Value  of  Residual?  and  By-Products 

Cost  of  Gas  Production  ( cu.  ft.) 

♦♦♦Distribution  of  Gas  Production: 
Electric  Generation 
Sales 
Other  Purposes 


*.3 
**4 

5 
6 

7 


9 
10 
11 
12 


*  Define  kind  of  fuel  used,  whether  coal,  coke,  lignite,  peat  wood,  or  oil,  giving  unit  cost 
of  same  to  be  expressed  in  Average  B.t.u.  for  one  cent.  The  cost  of  Fuel  to  cover  cost  in  storage, 
including  delivery  to  place  of  storage;  also  Fuel  Stock  Expense,  cost  of  weighing,  unloading 
and  handling  fuel  for  storage,  covering  unloading  of  fuel  from  cars,  boats  or  wagons,  including 
cost  of  the  operation  and  maintenance  of  scales,  hoisting  apparatus,  cost  of  shovels  or  other 
hand-tools  used  in  the  work.     Fuel  Stock  Expense  should  be  closed  into  Fuel  Stock  Accoimt. 

**  Water  should  be  clearly  defined  as  to  whether  it  is  the  cost  of  water  purchased,  the 
expense  of  pumping  water  (to  include  the  cost  of  the  operation  and  maintenance  of  the  pumps 
and  pumping  equipment),  or  the  expense  of  purifying  water  (to  include  the  cost  of  operation 
and  maintenance  of  the  water  purification  equipment),  or  all  of  these.  The  unit  cost  of  the 
water  used  should  be  expressed  in  cents  per  M  cubic  feet. 

***  If  the  gas  produced  is  used  for  more  than  one  purpose,  for  example,  for  Electric  Genera- 
tion, Sales,  or  Other  Purposes,  in  the  case  of  a  company  which  makes  such  uses  of  its  product, 
the  Gas  Production  should  be  apportioned  to  Electric  Generation,  Sales,  or  Other  Purposes, 
in  the  proportion  of  the  use  of  same  for  each  of  the  purposes  respectively. 

Note: — If  Fuel  Stock  Expense,  Expense  of  Pumping  Water,  or  Expense  of  Purifying  Water, 
as  defined  above,  cannot  be  ascertained  or  determined,  or  if  the  amounts  involved  do  not  justify 
the  use  of  the  accounts  Fuel  Stock  Expense,  Expense  of  Pumping  Water,  or  Expense  of  Purifying 
Water,  then  such  accounts  are  not  to  be  used  and  the  expenses  chargeable  to  said  accounts 
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should  be  included  in  such  other  accounts  as  the  nature  of  the  expenses  would  properly  deter- 
mine, presumably  in  account  No.  1,  Producer-Plant  Operating  Labor,  account  No.  6,  Producer 
Plant  Miscellaneous  Supplies  and  Expenses,  account  No.  8,  Maintenance  of  Producers  and 
Producer  Auxiliary  Equipment,  account  No.  11,  Maintenance  of  Producer  Plant  Buildings, 
Fixtures  and  Grounds,  or  account  No.  12,  Maintenance  of  By-Product  Plant  Buildings,  Fixtures, 
Grounds. 


FOEM  2  ADDENDUM  A 

COMPANY 

CITY STATE 

GAS  POWER  PLANT  MONTHLY  COST  SHEET  FOR 19 PLANT  NO . 

PRIME  MOVER  PLANT 


Cents  per 

S.  B. 

Kw-Hr. 

Output 


Electric  Generation-Operation: 

1     Prime  Mover  Plant  Operating  Labor  (Including  Superintendence,  Prime 
Mover  Labor,  Electrical  Labor,  Miscellaneous  Labor) 
Power  Gas  Produced  (See  Producer  Plant  Sheet  for  Details) 

Power  Gas  Purchased  ( cu.  ft.  at  $ per  M) 

Water  for  Cooling  Engines 

Lubricants  (Cylinder  Oil cents  per  gal..  Engine  Oil cents 

cents  per  gal.,  Other  Lubricants cents  per  lb. ) 

Miscellaneous  Supplies  and  Expenses 

Total  Operation 
Electrical.  Generation-Maintenance: 

7     Prime  Movers  (Engines,  Turbines,  other  Prime  Movers) 
Prime  Mover  Auxiliary  Equipment 
Generators  and  Auxiliary  Generating  Equipment 

Miscellaneous  Prime  Mover  Plant  Electrical  Equipment  (Switchboards 
and  Equipment  Cables,  Feeder  Terminals,  Wiring  other  than  for 
buildings  chargeable  to  account  No.    11,   Miscellaneous  Electrical 
Equipment  other  than  covered  in  account  No.  9) 
Prime  Mover  Plant  Buildings,  Fixtures  and  Grounds 

Total  Maintenance 
Total  Electric  Generation: 
Kilowatt-Hours  Generated 
Kilowatt-Hours  Used  in  Plant 
Kilowatt-Hour  Output  at  Switchboard 
**  Distribution  of  Kilowatt-Hour  Output: 
Electric  Railway  System 
Electric  Light  and  Power  System 
Other  Purposes 


2 
3 

>i<4 

5 
6 


8 


10 


11 


*  Water  should  be  clearly  defined  as  to  whether  it  is  the  cost  of  water  purchased,  the  expense 
of  pumping  water  (to  include  the  cost  of  the  operation  and  maintenance  of  the  pumps  and  pump- 
ing equipment),  or  the  expense  of  purifying  water  (to  include  the  cost  of  operation  and  mainte- 
nance of  the  water  purification  equipment),  or  all  of  these.  The  unit  cost  of  the  water  used 
should  be  expressed  in  cents  per  M  cubic  feet. 

Water  used  for  other  purposes  than  Water  for  Cooling  Engines  should  be  charged  to  account 
No.  6,  Miscellaneous  Supplies  and  Expenses. 

**  If  the  electrical  energy  generated  is  used  for  more  than  one  purpose,  for  example,  for  an 
Electric  Railway  System,  an  Electric  Light  and  Power  System,  or  for  Other  Purposes,  in  the  case 
of  a  company  operating  such  a  diversified  system,  the  electrical  energy  should  be  apportioned 
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to  The  Electric  Railway  System,  The  Electric  Light  and  Power  System,  or  Other  Purposes,  in 
the  proportion  of  the  use  of  same  by  each  of  the  systems  respectively. 

Note: — If  Expense  of  Pumping  Water  or  Expense  of  Purifying  Water,  as  defined  above, 
cannot  be  ascertained  or  determined,  or  if  the  amounts  involved  do  not  justify  the  use  of  the 
accounts,  Expense  of  Pumping  Water  or  Expense  of  Purifying  Water,  then  such  accounts  are 
not  to  be  used  and  the  expenses  chargeable  to  said  accounts  should  be  included  in  such  other 
accounts  as  the  nature  of  the  expenses  would  properly  determine,  presumably  in  account  No.  1, 
Prime  Mover  Plant  Operating  Labor,  account  No.  6,  Miscellaneous  Supplies  and  Expenses, 
Account  No.  8,  Maintenance  of  Prime  Mover  Auxiliary  Equipment. 

ADDENDUM  B 

FORMS  FOR  BLAST-FURNACE  GAS  POWER  PLANTS 

Submitted  by  Mr.  Freyn 

The  following  forms  which  have  been  submitted  to  the  Committee 
by  Mr.  H.  J.  K.  Freyn  show  his  proposed  modifications  to  make  the 
forms  suit  blast-furnace  gas  plant  conditions.  Before  these  forms 
are  adopted  they  should,  of  course,  be  made  on  the  standard-size  sheets 
recommended  in  the  body  of  the  report.  A  few  suggestions  made  by 
Mr.  Freyn  about  his  proposed  forms  are  contained  in  the  following- 
extract  from  his  letter  to  the  Chairman  of  the  Committee : 

Please  note  additions  made  on  cost  sheet  for  month,  pertaining  to  cost  per 
kilowatt-hour  of  various  items. 

The  sheet  headed  Gas  Power  Plant  covers  the  gas  washing  machinery,  and 
number  of  washers  in  service,  both  primary  and  secondary  systems;  and  gives 
additional  columns  of  valuable  information,  such  as  temperatures,  power  and 
water  consumption,  etc. 

The  other  sheet,  headed  Gas  Power  Plant,  gives  the  Gas  Engine  log,  which,  of 
course,  is  identically  the  same  as  for  a  producer  power  plant,  while  it  would  be 
advisable  to  add  something  as  to  the  cause  of  shutdowns. 

One  sheet  I  added  covering  the  daily  chemical  report,  such  as  is  being  kept  at 
this  plant,  which  I  find  to  be  of  great  value. 

The  data  sheet  for  the  month  is  merely  an  adaptation  for  a  blast-furnace  gas 
power  plant. 

The  load-sheet  curve  should  preferably  be  a  daily  instead  of  an  hourly  curve 
for  large  power  plants  in  steel  works,  because  the  load  conditions  do  not  change 
as  radically  as  in  smaller  gas  power  plants. 

I  do  not  think  that  a  big  power  plant  can  be  induced  to  get  up  hourly  load 
curves  for  each  day. 

One  thing  that  would  probably  be  very  desirable  is  to  get  up  curves  showing 
some  of  the  information  given  on  the  data  sheet  for  the  month.  As  a  matter 
of  fact  the  plotting  of  this  and  similar  information  I  have  found  to  be  very  much 
better  and  clearer  than  a  compilation  of  figures.  The  curve  will  naturally  show 
any  changes  in  conditions  mnch  better  than  the  mere  figures. 

2  Considering  the  forms  in  detail,  the  Gas  Cleaning  Plant  Daily 
Log  serves  a  similar  purpose  to  the  Producer  Log  of  the  producer 
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plant.  The  Daily  Chemical  Report  is  an  entirely  new  form  which 
is  justified  by  the  possibility  of  large  variation  in  the  quality  of  gas 
and  the  amount  of  dust  and  moisture  contained  therein.  The  Engine 
Log  requires  no  change,  consequently  the  form  in  the  body  of  the 
report  is  applicable  in  both  cases.  The  space  for  remarks  on  the 
Gas  Engine  Log  is  intended  to  include  such  information  as  Mr.  Freyn 
mentions  in  his  letter.  The  Load  Curve  Form  submitted  in  the  report 
is  obviously  perfectlj''  well  adapted  for  the  blast-furnace  gas  plant  and 
is  eliminated  from  the  following  set  of  forms.  If  a  load  curve  for  a 
longer  period  than  twenty-four  hours  is  desired,  the  form  submitted 
in  the  body  of  the  report  can  be  used  by  merely  changing  the  magni- 
tude of  the  horizontal  scale.  The  Monthly  Data  Sheet  is  practically 
the  same  as  that  for  a  producer  plant  with  the  exception  that  the 
first  few  columns  are  changed  to  record  the  daily  data  from  the  wash- 
ing plant.  The  Monthly  Cost  Sheet  likewise  contains  very  little 
change  from  the  same  sheet  of  the  producer  plant,  the  main  items  in 
both  cases  being  the  same.  The  forms  are  given  on  the  succeeding 
pages  and  accompanying  folder. 
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Proposed  Daily  Log    for  Gas-Cleaning  Plant  for  Blast-Furnace   Gas 


TO  BE  ON  A  STANDARD  LETTER-SIZE  SHEET  8^  BY  11  IN.  HORIZONTAL  LINES  UNDER  THE  HEAD- 
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FORM  2  ADDENDA  B  10-27- '09 

.WORKS COMPANY 

GAS  POWER  PLANT 
Daily  Chemical  Report  For  24  hrs.  Ending  6  a.m. 

Stapdard  Conditions  C3  Fahr.  30  Mercury 
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Proposed  Form  for  Daily  Chemical  Report,  for  Blast-Furnace  Gas  Plant 


TO    BE    ON    STANDARD     LETTER-SIZE    SHEET    8i    BY     11  IN.       HORIZONTAL    LINES    UNDER    HEADING 
TO  BE  RULED  IN  BLUE;    OTHER    LINES    IN    RED 
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Form   4  Addenda   B      10-27-'09 

WORKS COMPANY 

Gas  Power  Plant 
Cost  Sheet  for  Month  of 19 


Cost 
total   per  kw  hr 


Operation 
supplies 

Gas  @  $. . .  .  per  1000  cu.  ft  delivered  to  gas  cleaning 

plant  

Water  @  $ ^  per  1000  gal 
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Plant  Output,  kw.  hrs. 
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"     "    For  Auxiliaries 
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Proposed  Form  for  Cost  Sheets.     To  be  Printed  on  Sheets  8^  by  11  in. 


PRELIMINARY  REPORT  OF  THE  STANDARDI- 
ZATION   COMMITTEE 

At  the  first  meeting  of  the  Gas  Power  Section  of  The  Am3rican 
Society  of  Mechanical  Engineers,  held  in  the  Society  rooms  February 
11,  1908,  following  a  paper  on  Gas  Engine  and  Producer  Guarantees, 
on  motion  of  H.  L.  Doherty  the  chairman  was  empowered  to  appoint 
a  committee  with  himself  as  chairman  to  standardize  so  far  as  seemed 
practicable  the  use  of  terms  and  the  practice  of  making  guarantees 
of  performance  for  gas  engines  anrl  producers  and  the  determination 
of  their  fulfilment.  Accordingly  the  following  committee  was  named: 
C.  E.  Lucke,  Chairman;  H.  F.  Smith,  Louis  Doelling,  E.  T.  Adams, 
J.  D.  Andrew,  J.  R.  Bibbins,  A.  West. 

2  The  duty  of  the  committee  was  to  consider  the  loose  practices 
which  are  natural  to  an  industry  so  young  and  advancing  so  rapidly 
into  unknown  fields.  These  bad  practices  include,  besides  guar- 
antees of  unattainable  quantities,  incomplete  guarantees  or  guaran- 
tees of  unmeasurable  quantities;  or  of  those  measurable  in  various 
ways,  each  of  which  may  give  different  results,  besides  incomplete 
statement  of  fundamental  conditions;  all  traceable  to  (a)  ignorance; 
{h)  a  not  very  commendable  preference  for  an  inclefinite  statement 
that  leaves  a  loophole  in  case  of  non-compliance;  (c)  possibly  in  some 
rare  cases  direct  intent  to  deceive.  While  with  the  most  reputable 
builders'there  are  cases  of  honest  difficulty,  as  in  the  interpretation 
of  the  calorific  power  of  gas,  the  distinction  between  high  and  low 
values  and  the  definition  of  tar  and  gas  impurities,  most  of  the  trouble 
is  with  builders  who  depend  on  copying  previous  machines,  basing  the 
guarantee  of  their  untested  apparatus  on  hearsay  performance  of  others. 

3  Practice  due  to  ignorance  or  intent  to  deceive  being  unpro- 
fessional, and  injurious  to  the  legitimate  development  of  a  new  power 
system  which  promises  more  for  the  conservation  of  national  fuel 
resources  than  anything  else  ever  proposed,  it  is  proper  that  the  com- 
mittee seek  to  improve  the  state  of  affairs  by 

a  Making  certain  general  recommendations  acceptable  to  all 
good  engineers. 
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h  Defining  specifically  those  terms  or  conditions,  the  interpre- 
tation of  which  seems  to  be  a  matter  of  agreement  and 
practice. 

c  Pointing  out  just  where  the  difficulty  lies  in  the  remaining 
cases,  in  which,  due  to  insufficient  progress,  there  is  not 
complete  understanding  or  agreement;  that  due  caution 
may  be  exercised  by  all  in  avoiding  misunderstanding. 

4  Besides  the  individual  opinions  of  the  committee,  some  of  which 
were  published  in  The  Journal  (September  1998,  p.  895),  as  a  Progress 
Report,  many  builders  and  their  engineers  have  been  consulted,  as 
well  as  purchasers  and  in  some  cases  lawyers  employed  in  cases  of 
alleged  non-fulfillment  arising  from  the  conditions  noted;  and  at 
more  than  one  meeting  of  the  American  Gas  Power  Society,  the  ques- 
tions at  issue  have  been  discussed  and  other  opinions  obtained. 

5  Many  of  the  questions  under  consideration  tend  to  settle  them- 
selves with  a  proper  test  code,  and  the  report  of  the  committee  has 
divided  itself  into  (a)  recommendations  not  properly  part  of  a  code 
of  tests,  but  related  to  such  a  code  because  many  of  the  most  im- 
portant terms  could  be  definitely  fixed  only  by  fixing  a  mode  of 
measurement;  (h)  a  code  of  tests  which  would  prescribe  the  procedure 
for  the  determination  of  all  quantities  entering  into  the  fixing  of 
capacity,  efficiency  and  regulation  of  both  engines  and  producers. 

6  Before  effective  steps  towards  the  most  difficult  work  of  code 
preparation  could  be  taken,  however,  a  new  committee  was  appointed 
by  the  President  after  the  Detroit  meeting  to  codify  the  testing  of  gas 
power  apparatus.  This  committee  was  discharged  before  its  work 
had  progressed  far  enough  to  cooperate  with  the  Standardization 
Committee;  and  it  was  succeeded,  on  its  own  recommendation,  by  a 
third  committee  for  the  revision  of  all  power  tests  in  order  to  avoid 
conflict  of  procedure  with  necessary  new  codes,  of  the  various  existing 
codes,  either  in  their  origina^l  or  in  revised  form. 

7  This  last  committee  has  held  two  meetings,  but  is  not  as  yet  in 
a  position  to  cooperate  with  the  Standardization  Committee;  this 
preliminary  report  is  therefore  subject  to  revision  when  the  new  gas 
power  code  is  completed,  and  its  provisions  will  probably  be  incor- 
porated in  the  report.  With  a  complete  gas  power  test  code  references 
to  these  provisions  might  be  very  brief;  but  this  code  is  not  in  exist- 
ence and  the  old  gas  engine  code  is  of  little  help,  while  there  exists 
no  producer  code  at  all:  references  to  code  procedures  are  therefore 
rather  full  in  this  preliminary  report. 
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8  To  avoid  direct  conflict  with  any  code,  the  procedure  of  direct 
measurement  of  important  quantities  to  be  defined  l)y  that  procedure 
is  not  recommended  but  the  difficulties  and  alternatives  are  pointed 
out.  On  the  assumption  that  a  gas  power  plant  when  bought  is 
adapted  to  do  something,  when  supplied  with  some  available  f  el, 
at  a  certain  rate  in  pounds  of  fuel  per  hour,  it  may  be  assumed  that 
guarantees  for  this  class  of  apparatus  will  include  capacity,  effici- 
ency and  regulation,  of  gas  producers  and  engines  or  complete 
plants,  with  auxiliary  apparatus  included,  either  as  such  completely, 
or  in  part,  or  in  effect  completely  or  in  part,  with  or  without  specific 
reference  to  the  adaptability  of  the  apparatus  to  the  service,  and  of 
the  coal  or  gas  to  the  producer  or  engine. 

9  As  the  capacity  of  a  unit  may  be  considered  as  generically  its 
output  in  some  unit,  and  its  efficiency  the  ratio  of  output  to  input  in 
the  same  units,  capacity  and  efficiency  of  producers  and  engines  or 
complete  plants  will  be  defined  when  definitions  are  fixed  for; 

A  Input  of  producers. 

B  Output   of  producers  =  input   of  engines    (when   all  gas 

generated  is  taken  by  the  engine). 
C  Output  of  engines. 

To  these  must  be  added  a  definition  of  regulation  of  each  unit  and 
adaptability  or  suitability  of  fuel  supply  to  the  needs  of  the  unit. 

D  Regulation  of  producers. 

E  Regulation  of  engines. 

F  Adaptability  of  coal  for  producers. 

G  Adaptability  of  gas  for  engines. 

10  A  The  input  of  producers  is  defined  by  quality  of  coal  and 
quantity  consumed  per  hour,  or  B.t.u.  per  hour  in  the  form  of  coal 
or  in  its  identical  horsepower  equivalent. 

11  B  The  output  of  producers  and  the  input  of  engines  is  defined 
by  quality  of  gas  and  quantity  per  hour,  which  should  be  taken  in 
connection  with  the  time  it  can  continue,  or  B.t.u.  per  hour  in  the 
form  of  gas  or  its  identical  horsepower  equivalent. 

12  C  The  output  of  an  engine  is  defined  by  its  horsepower  or 
identically  equivalent  B.t.u.  per  hour,  which  should  be  taken  in  con- 
nection with  the  time  it  continues. 

13  D  The  regulation  of  producers  is  defined  by  the  relative 
or  absolute  variation  of  gas  quality  at  any  one  of  several  constant 
rates  of  output  or  at  any  acceleration  rate,  positive  or  negative,  of  gas 


1412  REPORT    OF    STANDARDIZATION    COMMITTEE* 

discharge  lasting  for  any  time,  assuming  an  always  available  fuel 
supply  proper  in  quantity  and  quality. 

14  E  The  regulation  of  engines  is  defined  by  the  relative  or  abso- 
lute variation  of  speed,  in  terms  of  complete  revolutions  in  one 
minute,  and  by  the  constancy  of  its  angular  velocity  or  rate  of  comple- 
tion of  any  part  of  a  turn  or  number  of  turns,  at  one  of  several  rates 
of  output  or  horsepower  load,  and  at  any  positive  or  negative  accelera- 
tion of  load  lasting  for  any  time,  assuming  an  always  available  gas 
suppl}^  proper  in  quantity  and  quality. 

15  F  The  adaptability  of  coal  for  producers  is  defined  partly 
by  (a)  the  capability  of  the  producer  to  gasify  it  successfully,  with- 
out undue  interruption  of  service,  destruction  of  apparatus  or  exces- 
sive labor  in  adjustment  or  management,  comparatively  as  well  as 
some  other  fuels  considered  satisfactory  and  adopted  as  a  standard; 
(b)  the  relation  of  its  physical  and  chemical  condition  to  the  peculiar 
needs  of  the  producer. 

16  G  The  adaptability  of  gas  for  engines  is  defined  partly  by 
quality  and  partly  Iw  (a)  characteristics  which  enable  the  engine 
of  proper  design  to  use  it  successfully  without  undue  interruption  of 
service,  destruction  of  parts,  excessive  labor  in  adjustment  or  manage- 
ment, comparatively  as  well  as  some  other  considered  satisfactory 
and  adopted  as  a  standard;  (6)  the  relation  of  its  physical  and  chem- 
ical condition  to  the  peculiar  needs  of  the  engine. 

17  This  analysis  shows  that  definition  of  the  five  general  terms  or 
essential  conditions  is  to  be  accomplished  only  by  defining: 

a  Quality  of  coal  and  variation  in  quality  an:l  rate  of  change 

of  consumption. 
b  Quantity  of  coal  consumed  per  hour  by  producers, 
c   B.t.u.    equivalent   of  a   given   quantity  of  coal  of  defined 

quality. 
d  Quality  of  gas  and  variation  in  quality. 
e   Quantity  of  gas  per  hour  delivered  by  producers  or  sup- 
ftl     plied  to  engines,  and  rate  of  change  of  delivery  or  supply. 
/  B.t.u.    equivalent    of    a    given  quantity  of  gas  of  defined 

quality. 
g  Horsepower  of  engines  and  variations  in  horsepower. 
h  Consecutive  time  producers  may  continue  to   deliver  gas  of 

defined  quantity  and  quality,  or  engines  to  deliver  definod 

horsepower. 
i  Number    of  revolutions,  partial  or  complete,  in  any  time 
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interval,  and  change  in  number  with  change  of  time 
interval  chosen  or  with  load  conditions  of  engine. 

y  Time-interval  for  the  completion  of  any  number  of  revolu- 
tions, or  fractions  of  revolutions,  and  the  change  in  the 
time-interval  with  the  number  of  revolutions  chosen  for 
observation  or  with  load  conditions  of  engine. 

k  Physical  or  chemical  comlition  of  coal,  not  included  in 
quality  definition  but  affecting  adaptability  to  producer. 

I  Physical  or  chemical  condition  of  gas3S  not  included  in 
quality  definition  but  affecting  adaptability  to  engine. 

QUALITY  OF  COAL  AND  ITS  VARIATION  IN  QUALITY 

18  Expressions  for  tlie  quality  of  coal  may  be  leased  on  a  sample 
as  fired,  which  will  be  more  or  less  wet;  on  a  sample  dried  at  210 
deg.  fahr.,  or  just  below  the  atmospheric  boiling  point;  on  a  sample 
heated  to  a  temperature  high  enough  to  drive  off  fixed  water,  such  as 
water  of  crystallization,  especially  important  in  some  lignites.  The 
result  will  be  different  in  each  case,  the  differences  being  more  impor- 
tant in  gas  producers  than  in  boilers,  as  the  water  vapor  from  the  coal 
in  the  producer  may  pass  off  as  steam,  robbing  the  fire  of  its  total 
heat  as  superheated  steam  above  the  temperature  before  firing,  or  it 
may  react  in  the  fire  with  carbon,  or  simply  dissociate  wholly  or  in 
part.  Further  differences  result  from  the  non-uniformity  of  quality 
of  various  samples  from  the  same  pile,  or  successive  lots  from  the 
same  mine,  as  well  as  from  variations  in  size,  especially  in  the  case  of 
small  anthracites.  Anthracite  of  pea  size  will  not  have  the  quality 
of  the  same  coal  of  rice  size,  because  of  dirt,  while  mixtures  sold  for 
one  size  will  constantly  differ  from  each  other,  especially  when  the 
products  of  different  mines  and  washeries  are  compared. 

19  With  these  possil:»ilities  of  fluctuations  in  results  of  expres- 
sions for  quality,  it  is  clear  that  rigid  limitation  to  definition  of  quality 
of  coal,  in  whatever  terms,  will  be  practically  impossible.  Quality 
may  be  expressed  by: 

a  Ultimate  analysis,  which  indicates  the  quantities  of  the 
elements  present  to  enter  into  the  producer  reaction;  but 
there  is  no  certainty  how  they  will  enter,  as,  for  example, 
C  may  be  in  the  form  of  a  hydrocarbon,  fixed  gas  or 
tar,  easily  decomposed  to  lamp  black,  at  the  producer 
temperature  or  not. 
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20  While,  then,  the  ultimate-analysis  method  of  defining  a  coal 
seems  to  indicate  what  is  present  for  the  reaction,  and  so  to  permit  of 
a  judgment  of  the  kind  of  gas  that  may  result,  in  reality  it  does  not, 
nor  does  it  give  any  clue  to  the  behavior  of  the  coal  in  the  producer. 

b  Proximate  analysis,  which  gives  fixed  carbon,  volatile, 
moisture  lost  at  some  temperature,  and  ash,  offers  a  some- 
what better  indication  of  behavior;  but  the  nature  of  the 
volatile  may  be  widely  different,  in  some  cases  being 
almost  entirely  fixed  gas,  as  for  example,  CH^;  in  others 
including  other  hydrocarbons  of  the  tarry  order,  a  varia- 
tion may  have  serious  consequences. 

21  Moreover,  there  is  no  standard  temperature  at  which  the  detei  - 
mination  for  volatile  or  moisture  is  to  be  made.  It  is  well  known  that 
some  coals  do  not  yield  all  their  volatile  until  the  fixed  carbon  cell 
walls  are  broken  down  or  weakened  by  combustion  at  very  high 
temperatures,  while  others  give  off  practically  all  their  volatile  at 
fairly  low  temperatures.  While  the  proximate  analysis  yields  more 
information  concerning  the  probable  behavior  of  the  coal  in  the  pro- 
ducer than  the  ultimate  analysis,  it  does  not  permit  of  any  judgment 
of  the  gas,  or  the  quality  of  the  coal  for  the  purpose,  nor  of  the  heat 
that  the  coal  may  yield. 

c  Calorific  power  by  calorimeter  test  is  a  valuable  characteris- 
tic, but  as  different  instruments  yield  different  results  on 
parts  of  the  same  sample  a  fair  margin  of  fluctuations 
must  be  permitted. 

22  In  all  cases  the  products  of  combustion  are  cooled  to  their 
original  temperature.  When  water  is  formed  from  the  combustion  of 
hydrogen  the  latent  heat  of  condensation  is  added  and  also  the  heat  of 
the  liquid  from  condensation  temperature  down  to  original,  except 
for  so  much  water  vapor  as  will  saturate  the  gases  of  combustion  at 
the  final  pressure  and  temperature.  The  results  of  the  tests  show, 
within  perhaps  one  or  two  per  cent,  the  hf  at  to  be  expected  per 
average  pound  of  coal  of  the  same  condition  as  the  sample;  this  is 
one  of  the  most  valuable  characteristics  of  the  coal,  though  alone 
it  shows  little  about  the  adaptability  of  the  coal  to  producers. 

d  Calculation  of  calorific  power  by  empiric  formula  is  no 
better  than  the  formula  and  its  constants;  and  as  no  for- 
mula has  l;)een  found  adapted  to  all  classes  of  coal,  giving 
results  in  I'casonably  close  agreement  with  calorimeter  test, 
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the  formula  must  be  regarded  as  a  crude  approximation, 
not,  is  agreed  upon  as  acceptable  to  the  contracting 
parties. 

RECOMMENDATIONS 

23  As  ordinarily  the  owner  must  burn  what  coal  he  can  buy 
cheaply,  and  as  coal  is  usually  descril3ed  by  mine  name  or  trade 
name  only,  unless  the  builder  of  the  producer  has  apparatus  at  work 
on  the  same  coal  or  conditions  of  equipment,  and  can  arrange  for 
a  preliminary  trial,  no  guarantee  can  be  written  except  by  the  merest 
guess.  Even  were  all  the  quality  characteristics  known,  it  is  doubtful 
whether  conditions  would  be  much  better,  except  when  the  producer 
builder  recognizes  them  as  equivalent  to  those  of  another  coal,  siiccessfidlt/ 
used  in  his  apparatus  in  another  place. 

24  These  characteristics  of  coal  expressing  its  quality  are  then 
valuable,  and  when  taken  in  connection  with  adaptability  characteris- 
tics are  quite  conclusive  evidence  of  identity,  though  they  do  not 
permit  of  prediction.     It  is  therefore  recommended : 

A  That  coal  quality  he  defined  by  (a)  ultimate  analysis  of 
samples  dried  at  210  deg.  fahr.;  (6)  proximate  analysis  of 
samples  dried  at  210  deg.  fahr.;  (c)  calorimeter  test  by  a 
to  be  avoided  unless  some  foi-mula,  whether  correct  or 
specified    calorimeter,   such   as   Parr,   Mahler,    Atwater. 

B  That  this  definition  of  quality  be  considered  as  a  mark  of 
identity  with  some  coal  successfully  gasified  by  the  pro- 
ducer in  question,  and  not  in  itself  a  measure  of  the  satis- 
factory nature  of  the  coal  specified. 

C  That  a  variation  from  values  given  in  a  and  b,  if  not 
exceeding  5  per  cent  in  any  one  of  its  terms,  and  2  per 
cent  in  c,  be  considered  as  compliance. 

D  That  producer  builders  adopt  a  plan  used  with  success  in 
Germany,  of  maintaining  their  own  test  plant,  which 
may  be  used  to  operate  their  own  factories,  that  they  make 
preliminary  trials  of  a  coal,  the  use  of  which  is  contem- 
plated by  a  purchaser  after  a  provisional  sale,  the  results, 
if  satisfactory,  to  be  incorporated  in  the  final  contract, 
the  coal  being  defined  by  its  trade  name,  mine  or  vein, 
and  size.  For  example,  "This  producer,  when  continu- 
ously  supplied   with  lb.  of  Pocahontas  coal  per 

hour,"  will  do  something,  with  some  results  to  be  named. 
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QUANTITY.  OF  COAL  CONSUMED  PER  HOUR  BY  PRODUCERS  AND 
RATE  OF  CHANGE  OF  CONSUMPTION 

25  The  characteristic  of  produceis  which  renders  it  difficult  to 
determine  the  coal  consumption,  is  the  thick  bed  of  fuel  within 
brick-lined  walls,  screened  from  observation  except  through  small 
]ioke  holes.  With  the  usual  structure  it  is  practically  impossible  to 
judgethe  condition  of  the  bed,  or  the  condition  before  and  after  feeding 
a  given  weight  of  coal.  The  coal  consumed  may  he  equal  to  the  coal 
fed,  or  more  or  less  may  have  been  consumed  than  was  fed.  In  l:)oilers 
a  similar  prol)lem  is  met,  lout  the  error  is  minimized  1  )y  long  runs,  making 
the  weight  of  coal  fed  during  the  interval  many  times  that  resting 
on  the  grates  at  any  one  time,  and  so  reducing  the  error  as  much  as 
desired.  A  similar  practice  can  be  adopted  for  producers,  but  to 
reduce  the  error  of  judgment  to  a  value  as  small  as  is  acceptable  in 
boilers  the  time  must  be  greater,  and  in  the  following  proportion 

(Time  of  run  for  boiler) 

(Time  of  run  for  producer) 
(Time  to  consume  ....  weight  of  coal  in  boiler  grate) 
(Time  to  consume  .  .  .  weight  of  coal  on  producer  bed) 

so  that  the  time  of  run  should  be  greater,  the  slower  the  rate  of  com- 
bustion and  the  greater  the  weight  in  the  fire. 

26  There  are  three  methods  in  use  for  determining  the  rate  at 
which  coal  is  consumed: 

A  From  the  w'eight  of  coal  fired,  and  a  judgment  of  the  con- 
dition of  the  bed  before  and  after,  assisted  by  measure- 
ment of  the  height  of  bed  and  parallel  removal  of  ashes 
in  proportion  to  coal  fed,  as  indicated  l)y  the  proximate 
analysis  of  the  fuel. 

27  Judgment  of  the  bed  condition  at  the  beginning  may  be  based 
on  the  cjuick  building  of  a  new  fire,  assuming  the  whole  to  be  in  the 
condition  (a)  of  fixed  carbon,  (b)  original  coal,  (c)  of  any  fraction  of 
either,  and  at  the  end,  by  quenching,  mixing  and  analysis  of  the 
mixture  of  green  coal,  partly  burned  coal  and  ashes.  This  method 
is  open  to  many  possible  sources  of  error,  as  indicated  by  the  three 
possible  assumptions  of  original  condition.  It  is  difficult  to  obtain  a 
uniform  coal-coke-ash  mixture  for  sampling  and  analysis  without 
grinding,  which  is  usually  impracticable.  In  the  ultimate  analysis, 
also,  the  physical  nature  of  the  coal  will  not  he  shown,  as  soot  or 
lampblack  or  fixed  carbon  may  exist  in  clinkers  and  be  charged  as 
available  carbon,  whereas  in  these  forms  it  is  really  a  dead  loss. 
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B  Continuous  weighing  of  the  whole  producer,  when  the 
pi'oducer  is  small  enough,  may  give  results  of  value  when 
the  run  is  long,  but  not  when  it  is  shoii,  as  it  is  difficult 
to  indicate  a  few  poun:Js  on  a  scale  heavy  enough  to 
weigh  the  thousands  that  ma}^  Ije  present  in  iron,  l)rick, 
and  coal  charge. 

28  While  this  might  seem  to  be  an  ideal  method,  it  also  involves  a 
judgment  of  bed  condition,  and  there  is  nn  means  of  telling  whether 
a  loss  in  weight  means  fixed  carbon  burned  or  volatile  and  moisture 
driven  oflf,  while  a  gain  in  weight  mav  in  licate  an  excess  of  fuel  fired 
or  merely  an  accumulation  of  ash.  In  any  case  the  method  must  be 
confined  to  small  producers  and  shop  tests,  as  it  cannot  be  applied  at 
all  to  a  producer  erected  in  its  final  condition. 

C  Gas  analysis  may  indicate  a  certain  weight  of  carbon  in  the 
form  of  CO,  and  CO^,  and  CH^,  from  which,  given  the  ulti- 
mate analysis  of  coal,  there  can  be  calculated  the  weight  of 
coal  that  could  have  produced  this  quantity  of  these 
gases.  This  furnishes  an  indirect  determination  of  coal 
consumed  from  gas  analysis,  coal  analysis  and  ([uantity 
of  gas. 

29  This  method  is  not  even  as  exact  as  the  two  analysis  and  the 
gas  quantity  determination.  It  is  difficult  enough  becaus3  illumi- 
nants  or  rich  hydrocarbons  and  CO,  ^vill  ])e  more  or  less  freely  absorbed 
in  the  scrubber  by  the  excess  of  water  used  and  water  vapor  will 
be  condensed,  and  also  because  the  carbon  in  the  CO2  and  CO  must 
be  assumed  as  coming  from  fixed  carbon  alone,  from  volatile  alone, 
partly  from  both,  or  just  from  C\  shown  in  the  ultimate  anah^sis. 
One  of  these  assumptions  must  be  made  or  implied  before  coal 
weight  can  be  judged  from  gas  analysis  and  c^uantity.  Several  cal- 
culations of  this  kind  made  on  the  report  data  of  the  United  States 
Geological  Survey  producer  tests-  failed  by  a  considerable  margin  to 
check  with  the  coal  weighed,  and  on  these  tests  greater  refinement  was 
used  than  is  possilde  in  ordinary  commercial  tests  on  the  basis  of  cost. 

RECOMMENDATIONS 

30  It  is  I'ecommended  that  the  weight  of  coal  be  determined  fi'om 
the  weight  of  coal  fired  with  these  precautions: 

A  Regulai-  intervals  of  feeding  and  uniform  amounts. 
B  R.egular  removal  of  ash,  preferably  in  proportion  to  the 
coal  fired,  as  indicated  by  the  proximate  analysis. 
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C  Constantly  maintained  level,  determined  by  bar  with  flat 
plate  at  right  angles  as  large  as  will  pass  through  top  holes 
after  leveling  the  fire.  The  use  of  a  bar  or  stick,  without  a 
bearing  plate  extending  over  considerable  bed  surface, 
may  lead  to  error,  and  cases  have  been  known  where  a 
purchaser  was  intentionally  deceived  in  this  way. 

D  No  measurement  to  begin  until  bed  is  at  least  eight  hours 
old  under  approximately  the  load  to  be  used  for  the  run. 

E  Length  of  run  to  be  such  that  the  total  coal  regularly  fired 
is  at  least  equal  to  ten  times  the  weight  of  the  normal  pro- 
ducer content,  which  is  about  equivalent  to  the  acceptable 
12"-hr.  run  of  a  boiler  test; in  which  case  if  an  error  of  coal 
equivalent  to  \  of  the  bed  contents  were  made,  the  error 
in  coal  consumed  would  be  effected  only  about  2^  per  cent. 

B.T.U.  EQUIVALENT  OF  COAL  CONSUMED 

31  There  maybe  just  as  many  values  for  this  as  combinations  can 
be  made  of  B.t.u.  per  pound  of  coal  and  weight  of  coal  consumed,  but 
as  each  part  of  a  pound  of  coal  consumed  does  not  represent  the  same 
fractional  part  of  the  calorific  power  of  the  fuel,  the  value  for  the 
volatile  weight  being  much  greater  than  for  the  fixed  carbon,  and  zero 
for  the  ash,  it  follows  that  a  given  loss  of  weight  in  the  producer  does 
not  necessarily  represent  a  heat  liberation  of  this  weight  of  coal. 

RECOMMENDATIONS 

32  It  is  recommended  that  the  calorific  power  of  coal,  multiplied 
by  the  weight  consumed,  each  modified  by  consideration  of  the  diffi- 
culties pointed  out,  be  accepted  as  giving  the  B.t.u.  equivalent  of  coal 
consumed,  of  calorific  power  proportionate  to  the  weight;  with  the 
understanding  that  this  may  not  be  strictly  true. 

QUALITY  OF  GAS 

33  From  all  producers  the  gas  passes  through  a  wei  scrubber, 
supplied  with  a  quantity  of  water  large  enough  to  condense  nearly  all 
steam  and  absorb  some  rich  hydrocarbons  and  carbon  dioxid.  The 
resulting  gas  is  saturated  with  water  vapor,  and  carries  some  water 
in  the  form  of  moisture  or  spray,  together  with  some  solid  matter, 
perhaps  tar  as  vapor  or  as  liquid  mist  and  possibly  also  lamp  black 
or  soot.  Exact  analyses  of  gas  will  then  differ  somewhat  with  the 
place  of  sampling,  but  in  no  case  does  the  ordinary  volumetric  analy- 
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sis  indicate  the  presence  of  water  vapor,  tar  or  solids.  Ordinarily 
quality  of  gas  is  considered  as  defined  by  (A)  volumetric  analysis,  (B) 
calorific  power. 

34  A  Volumetric  analysis  by  the  standard  apparatus  will  give 
O,  CO,  CO2  H,  and  hydrocarbons,  assumed  to  be  CH4,  or  C2H4,  which 
can  be  separated  only  by  more  refined  methods  when  desired.  Such 
standard  analysis  is  comparatively  easy  but,  in  unskilled  hands,  is 
equally  likely  to  give  wrong  results.  In  any  case  the  results  are  quite 
certain  to  vary  somewhat  with  the  place  of  sampling,  especially  when 
hot  unscrubbed  samples  are  compared  with  cool  scrubbed  ones. 

35  B  Calorific  power  of  gases  is  always  determined  by  liurning 
gas  in  a  calorimeter  with  continuously  circulating  water.  It  is 
assumed  that  all  the  gas  supplied  to  the  burner  is  completely  burned, 
whereas  this  is  not  at  all  the  case  with  weak  gas  under  100  B.t.u.  per 
cu.  ft.  except  with  the  exercise  of  great  care  and  some  skill  in  manipu- 
lation of  burner  and  draft.  The  gas  approaches  the  burner  carrying 
more  or  less  water  vapor,  and  is  burned  in  free  air  with  the  ever- 
present  atmospheric  moisture;  the  flue  gases  leaving  the  instrument 
may  be  reduced  in  temperature  to  anything  desired,  and  for  exact 
work  this  should  equal  the  temperature  of  the  air  and  gas  supply. 
This  implies  that  these  have  been  made  equal,  Avhich  is  not  always 
possible.  Corrections  may  be  made  approximately  but  never  exactly, 
because  the  quantity  of  air  is  unknown,  as  are  the  moisture  content, 
the  precise  instrument-radiation  factor  for  room  temperature,  the 
air  circulation  and  the  conditions,  of  neighboring  bodies  absorbing 
and  emanating  radiant  heat. 

36  If  enough  hydrogen  free  or  combined,  is  present,  the  flue  gases 
will  escape  in  a  saturated  condition  at  the  temperature  of  the  water 
and  so  carry  off  heat  enough  to  account  for  the  difference  between 
the  vapor  carried  off  by  the  products  of  combustion  and  that  brought 
in  by  the  air  and  the  gas.  This  is  seldom  if  ever  corrected  for.  If 
there  is  only  a  little  hydrogen,  and  the  air  dry,  all  of  its  water  may 
be  carried  off  in  vapor  with  other  products,  leading  to  the  impression 
that  there  was  no  hydrogen  in  the  gas. 

37  Such  a  determination  of  calorific  power  gives  what  is  termed 
the  high  or  true  value.  Subtracting  the  latent  heat  at  212  deg.  of 
the  water  apparently  produced  by  the  combustion  of  hydrogen,  the 
quantity  being  found  by  collecting  the  instrument  drops  or  calcu- 
lating from  gas  analysis,  there  is  obtained  a  lesser  value  known  as 
the  low  or  effective  value.  This  latent  heat  is  ineffective  for  raising 
the  temperature  of  gases  during  combination,  and  is  not  liberated 
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at  all  in  gas  engines.  As  a  matter  of  fact  neither  is  some  of  the 
sensible  heat  of  gases  and  liquid  water  effective,  so  that  there  may 
be  as  many  conceptions  of  the  low  or  effective  calorific  value  as  there 
are  assumptions  made  about  it.  It  is  therefore  a  very  indefinite 
term,  of  doubtful  value  in  commercial  operation,  and  with  a  possible 
value  only  in  scientific  investigations  of  heat  liberation  in  engine 
cycles.  It  has  come  into  practice  partly  because  it  measures  most 
nearly  the  heat  actually  liberated  in  the  gas-engine  cylinder  in 
causing  a  pressure  rise,  and  therefore,  that  which  is  effective  in 
preparing  for  the  doing  of  work  at  the  expense  of  heat.  It  has  also 
come  into  practice  because  it  permits  gas-engine  guarantees  of  effici- 
encies to  look  better  than  when  made  in  terms  of  the  high  value. 
Because  of  its  uncertain  meaning,  however,  it  has  been  a  source  of 
controversy. 

38  Recent  investigations  by  a  committee  of  the  American  Gas 
Institute  show  that  different  instruments  give  different  values  for  the 
same  gas,  so  that  it  would  be  best  to  give  the  name,  in  making  com- 
mercial agreements  regarding  calorific  power.  In  all  cases  the  instru- 
ment reading,  with  due  precautions  that  the  final  temperature  are 
approximately  equal  to  gas  and  air  temperatures,  without  any  correc- 
tion whatever  is  sufficiently  close  for  most  commercial  work  and  is 
most  easily  defined. 

39  C  Calorific  power  may  be  calculated  by  formula  from  volu- 
metric analysis,  but  this  is  indirect,  and  should  be  used  only  as  a 
check  when  direct  methods  are  available. 

RECOMMENDATIONS 

40  It  is  recommended  that  quality  of  gas  be  defined  by : 

a  Volumeti'ic  analysis  near  the  engine  by  a  specified  standard 
apparatus,  and  by  calorific  value  B.t.u.  per  cu.  ft.  by  a 
specified  instrument,  taken  when  the  three  temperatures, 
air,  gas  and  flue,  differ  l^y  not  more  than  10  deg.  fahr. 
between  any  two.  The  calorimeter  results  are  to  be  ac- 
cepted without  correction. 

b  That  the  use  of  low  value  and  the  distinction  between  high 
and  low  value  be  avoided  in  commercial  work. 

c  That  the  volumetric  analysis  be  considered  as  an  indication 
of  the  working  of  the  producer,  and  a  guide  to  its  adjust- 
ment and  manipulation,  rather  than  as  a  measure  of  the 
good  quality  of  the  gas,  except  as  noted  in  the  case  of 
hydrogen  under  adaptability. 
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d  Compliance  with  any  definition  of  quality  or  volumetric 
analysis  he  considered  satisfactory  when  within  5  per  cent 
of  the  value  of  any  numerical  quantity  given. 

QUANTITY  OF  GAS. 

4 1  When  the  quantity  of  gas  is  great  in  large  plants  and  the  calorific 
power  is  low,  as  any  but  natural  gas  always  is,  the  problem  of  its 
measurement  is  quite  beyond  the  range  of  any  commercial  meter,  by 
reason  of  the  disproportionate  cost  of  meter  installation  to  the  value  of 
the  information.  This  fact  has  led  to  the  proportionate-meter  design, 
the  application  of  pitot  and  venturi  tubes,  and  the  dropping  of  gas 
holders.  There  are  available  then,  these  methods  of  measurement  as 
well  as  the  determination  of  gas  quantity  by  chemical  calculation 
from  the  weight  of  coal,  ultimate  analysis  of  coal  and  volumetric 
analysis  of  gas.  Any  method  of  measurement  must  be  more  or  less 
protected  from  gas-pressure  pulsations  due  to  intermittent  suction, 
especially  where  many  engines  synchronize  in  their  suctions  from  the 
same  main. 

42  Holder-drop  determinations  were  perhaps  the  first  practiced, 
when  plants  began  to  get  beyond  the  commercial  illuminating  gas- 
meter  capacity,  as  practically  all  these  plants  were  pressure-i)roducer 
types  delivering  pressure  gas.  Because  of  the  necessarily  limited 
sizes  of  holders,  some  containing  only  five  minutes'  and  few  over 
fifteen  minutes'  full-load  supply,  the  time  of  observation  was  like- 
wise short,  shorter  than  the  supply  time  by  reason  of  time  lost  in 
manipulating  large  gate  valves.  This  involves  some  error  due  to  the 
difficulties  of  measuring  by  a  holder  of  large  diameter  dropping 
rapidly,  the  more  or  less  bulging  plates,  the  difficulty  of  averaging  the 
temperature  for  the  whole  volume,  the  surging  of  the  water  seal 
caused  by  possible  change  of  pressure,  especially  at  the  beginning  and 
the  end  of  run.  Holders  have  been  known  to  drop  as  much  or  more 
with  the  passing  of  a  cloud  on  a  summer's  day. 

4-S  Moreover,  as  the  holder  filled  faster  than  the  normal  rate  of 
engine  consumption  of  gas,  at  the  time  of  filling  the  flow  of  air  through 
the  producer  might  easily  be  too  fast,  and  being  succeeded  by  a  period 
of  no  flow  there  would  result  a  gas  fluctuating  in  quality,  for  which 
adjustment  of  design  valves  cannot  be  made.  These  facts  are 
responsible  for  at  least  some  of  the  poor  results  shown  by  holder- 
drop  tests,  yet  most  of  the  published  data  of  gas  consumption  of 
large  engines  and  delivery  of  producers  were  obtained  in  this  way. 
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The  expense  of  holders  is  so  great  and  their  real  value  so  little  in 
modern  systems  that  this  method  will  probably  not  be  much  used 
in  the  future,  as  gas  holders  will  not  be  installed  except  for  small- 
capacity  pressure  regulators. 

44  Manufactured  direct-reading  dial  meters  give  the  most  positive 
reading  and  have  a  fairly  constant  error  over  a  considerable  time; 
but  all  have  errors  which  must  be  determined  bj^  proving,  but  under 
the  conditions  of  use  as  the  error  may  vary  with  rate  of  flow,  pressure 
on  supply  side,  loss  of  pressure,  temperature,  and  pressure  pulsation. 
They  are  so  expensive  as  to  be  commercially  unavailable  for  any  l)ut 
small  gas  capacity  systems  ,  except  where  purchase  of  gas  makes  meter- 
ing a  necessity.  Some  of  the  larger  ones,  especially  of  the  proportional 
type  when  used  with  dirty  gas,  may  be  very  much  in  error,  cases 
being  known  where  a  large  meter  recorded  the  same  quantity  of  gas  at 
all  loads  of  the  engine,  a  condition  quite  impossible  with  the  engine 
in  question.  When  such  meters  are  new  and  form  part  of  the  per- 
manent installation,  mutual  acceptance  of  their  readings  may  be 
made  a  matter  of  agreement  between  the  contracting  parties,  in 
which  case  the  condition  should  be  specifically  stated. 

45  Large  gas  flows  have  been  fairly  successfully  measured  by 
venturi  meters,  but  the  calculation  of  flow  from  the  increase  of 
velocity  head  can  be  made  only  when  the  absolute  pressures  of  the 
gas  flowing  and  the  density  of  the  gas  are  accurateh^  known.  The 
absolute  pressures  are  determinable  by  barometer  and  water  ma- 
nometers; but  the  throat  ratio  must  be  small  enough  to  give  at  least 
three  inches  of  water  difference  in  velocity  head  at  the  smallest  flow 
to  be  observed,  a  condition  that  may  result  in  a  too  serious  perma- 
nent loss  of  pressure  in  the  pipe  line  without  a  pressure  booster  at 
maximum  load.  Pressure  fluctuations  are  pi'actically  of  no  conse- 
quence, but  intermittent  flow  may  be  serious,  as  pulsation  of  the 
velocity-head  difference  may  necessitate  a  judgment  of  the  fair 
average.  Cases  have  been  known  where  this  pulsation  was  so  great 
as  to  make  the  maximum  momentary  reading  twice  the  minimum. 
Pressure  regulators,  to  be  of  assistance,  must  be  of  the  gas-holder  or 
large-tank  form  to  equalize  the  flow.  Determination  of  gas  density 
needed  for  venturi  and  pitot  calculations  requires  accurate  gas 
analysis  and  the  taking  of  temperatures.  Installation  must  not 
be  near  any  bends  or  obstructions,  and  means  provided  for  cleaning 
the  throat  frequently. 

46  Direct  measurement  of  velocity  head  by  pitot  tubes  has  been 
used  in  some  cases,  but  when  the  piping  is  sufficiently  large  to  avoid 
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perious  loss  of  head  the  velocity  head  is  so  small  as  to  involve  large 
errors  of  observation,  especially  when  the  flow  is  pulsating,  even 
when  delicate  differential  manometers  are  used.  In  any  case  the 
velocity  distribution  across  the  pipe  is  not  uniform,  requiring  a  search 
across  the  pipe  on  at  least  two  diameters  at  right  angles,  and  a  calcu- 
lation from  the  data  of  the  mean  head.  This  difficulty  is  great  when 
the  tube  is  near  any  bends  or  valves.  To  make  the  pitot  readings 
greater  the  tube  may  be  used  in  venturi  throats,  and  its  reading 
used  to  check  those  of  the  venturi  meter  itself.  This  is  probably 
the  best  method  known  for  large  flows,  but  it  requires  a  density  deter- 
mination from  gas  analysis. 

47  Just  as  the  coal  consumption  in  producers  may  be  calculated, 
as  explained,  from  the  ultimate  analysis  of  coal,  gas  analysis  and 
quantity  of  gas,  so  may  the  quantity  of  gas  be  calculated  from  the 
two  analyses  and  a  measurement  of  the  coal  consumed;  but  this 
method  has  so  many  potential  errors  as  to  be  almost  useless  except  as 
a  check  on  other  more  direct  methods. 

48  In  all  cases,  meters  must  be  set  in  by-passes  to  permit  of  clean- 
ing just  before  a  measurement,  as  dirt  and  water  may  cause  serious 
error. 

RECOMMENDATIONS 

49  Correct  gas  measurement  is  so  difficult  or  costly,  especially  when 
the  .quantity  is  large,  that  its  determination  should  be  avoided  in 
commercial  relations  whenever  possible.  When  one  party  is  responsi- 
ble for  a  complete  installation,  no  division  should  be  made  and  the  per- 
formance guarantee  should  include  only  the  performance  from  pro- 
ducer input  to  engine  output. 

a  When  necessary,  large  gas  measurements  may  be  best  made 
by  venturi  tubes  checked  by  pitot  tubes  in  the  throat; 
but  not  too  wide  a  range  of  flows  should  be  attempted 
on  one  throat.  Steps  should  be  taken  to  reduce  flow 
fluctuations  to  a  negligible  amount. 

h  No  dial  reading  of  a  manufactured  meter  can  be  assumed  to 
be  correct,  unless  proved  before  and  after  the  run  under 
the  same  pressure,  temperature  and  flow  conditions. 

c  As  a  matter  of  contracting  agreement,  any  meter  reading 
or  gas  quantity  determination  may  be  mutually  accepted 
whether  correct  or  not.  This  is  especially  convenient 
when  a  meter  is  part  of  a  permanent  installation. 
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d  Holder  drop  tests  may  be  used  with  fair  results  where  holders 
contain  not  less  than  15  minutes'  suj^ply,  if  proper  pre- 
cautions are  used  and  care  taken  to  avoid  serious  positive 
and  negative  acceleration  of  gas  flow  through  the  pro- 
ducers. 

e  A  quantity  of  gas  determined  by  the  best  method  available 
for  any  case  may  be  considered  as  in  compliance  with  the 
guarantee  when  not  more  than  5  per  cent  aloove  or  below 
guarantee. 

B.T.U.   EQUIVALENT   TO   GIVEN    QUANTITY   OF   GAS    OF   DEFINED 

QUALITY. 

50  This  may  be  taken  as  the  product  of  the  B.t.u.  per  cu.  ft. 
and  the  number  of  the  cubic  feet  deteimination.  When  either  is  a 
variable  its  average  for  a  given  time  is  to  l)e  taken  by  the  method  of 
mean  ordinates,  by  plotting  each  reading  vertically  to  a  horizontal 
time  hnse,  joining  points  by  straight  lines  and  integrating  areas  in 
the  usual  way. 

HORSEPOWER  OF  ENGINES  AND  VARIATION  IN  HORSEPOWER 

51  This  quantity  is  generally  the  prime  varial)le  in  the  series  of 
quantities  fixing  the  general  performance  of  the  plant,  in  as  much  as 
all  other  quantities  are  usually  specified  and  guaranteed,  the  quanti- 
ties being  fixed  for  a  given  horsepower  output  or  load,  or  a  given 
change  of  load.  Considerable  confusion  has  resulted  from  the 
possibility  of  various  interpretations  of  engine  horsepower  and  engine 
load,  especially  with  respect  to  full  load,  normal  load,  overload, 
maximum  load,  and  no  load;  the  time  an  engine  must  run  under  given 
load  to  prove  its  ability  to  carry  that  load  and  its  right  to  a 
rating  at  that  load;  and  from  uncertainty  of  the  relations  among 
indicated,  brake,  effective,  and  friction  horsepower,  one  being  speci- 
fied or  guaranteed  which  is  not  directly  measurable,  but  which  is  to 
be  determined  from  another  that  is  measurable. 

52  On  the  assumption  that  a  purchaser  buys  an  engine  to  drive 
something  as  indefinitely  long  as  may  be  necessary,  the  time  involved 
in  proof  of  ability  might  be  likewise  indefinitely  long.  In  this  case 
a  100-h.p.  engine  would  be  one  that  can  deliver  100  h.p.  as  long  as 
supplied  with  fuel  and  properly  attended.  It  may  be  reasonably 
assumed,  however,  that  a  gas  engine,  after  attaining  a  steady  state 
under  the   specified  load,  as  indicated  by  jacket  and  exhaust  tem- 
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peratures,  is  able  to  carry  that  load  indefinitely,  if  it  can  do  so  for 
twelve  hours.  The  time  to  reach  the  steady  state  for  large  engines 
may  be  taken  as  not  less  than  three  hours  from  stai'ting,  and  in  small 
engines  not  less  than  half  an  hour. 

53  The  use  of  the  term  "load"  and  its  modifications  is  to  be  dis- 
couraged, as  a  survival  of  commercial  rating,  which  is  an  arbitrary 
rating  of  horsepower  capacity  convenient  for  marking  drawings  and 
shop  records  of  manufacture,  for  the  cataloging  and  tabulation  of 
manufacturer's  data.  Some  horsepower  is  always  implied  and  it 
simplifies  matters  considerably  if  the  numerical  value  of  that  horse- 
power is  expressly  stated. 

54  Statement  of  horsepower  should  always  be  in  terms  of  brake- 
horsepow^er  whether  it  can  be  directly  measured  or  not,  but  when  not, 
all  assumptions  made  in  its  evaluation  and  the  methods  of  indirect 
determination  should  be  specified  to  eliminate  the  personal  peculiar- 
ities and  preferences  of  different  test  experts. 

55  The  speed  to  be  used  in  all  horsepower  determinations  is  best 
taken  as  the  total  number  of  revolutions  ])y  mechanical  counter 
for  the  entire  length  of  test,  divided  by  the  time  in  minutes.  This 
may  be  checked  by  instantaneous  readings  or  intermittent  countings 
taken  at  regular  intervals  and  numerically  averaged. 

56  Brake-horsepower  should  always  be  directly  measured  when 
the  conditions  permit.  Its  positive  nature  is  so  desirable  that  it  is 
worth  considerable  trouble  to  obtain. 

57  Direct-connected  generators  have,  when  new,  efficiency  curves 
well  determined,  so  that  the  manufacturer's  record  curve  may  be 
accepted.  But  this  method  should  l)e  then  expressly  stated  and  the 
carve  made  a  part  of  the  agreement.  By  this  method  the  electrical 
output  may  be  determined,  but  never  with  uncalibrated  instruments, 
especially  when  alternators  have  been  previously  driven  in  parallel 
before  accurate  adjustment  of  regulation. 

58  The  horse-power  capacity  of  large  engines,  direct-connected 
to  pumps  or  compressors,  may  best  be  expressed  in  terms  of  compres- 
sor or  pump  indicated  horsepower.  When  the  responsibility  for  the 
engine  ancj  driven  parts  is  divided,  as  it  frequently  is,  the  friction  of 
the  parts  should  be  made  a  mattei-  of  preliminary  agreement  to  arrive 
at  each  pump  or  compressor  cylinder  horsepower,  and  should  then  be 
eliminated  from  further  mention. 

59  Large  engines,  driving  machinery  by  rope  or  belt  transmission 
and  so  erected  or  constructed  as  to  make  direct  br;ike-hors?power 
determination  impossible,  should  include  as  a  condition  of  the  guaran- 
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tee  of  brake-horsepower  a  specified  method  of  indicated  horsepower 
and  engine-friction  determination  to  give  the  guaranteed  brake-horse- 
power liy  difference.  In  no  case  should  the  difference  be  accepted 
as  equal  to  the  indicated  engine  horsepower  at  zero  brake  horse- 
power. 

60  Indicated-horsepower  determinations  of  gas  engines  are  very 
unrelia})le,  cases  being  known  of  the  indicated  values  determined 
l)y  high  class  experimenters  being  less  than  the  directly  measured 
brake  values— quite  sufficient  proof  of  their  uncertainty.  It  is  not 
desirable  here  to  enter  into  the  causes;  but  in  order  to  eliminate  un- 
certainty and  controversy  there  should  be  an  agreement : 

a  Precisely  how  many  cards  are  to  l)e  taken,  when  and  how 
often. 

b  What  make  of  indicator. 

c  Proof  of  calibration  of  spring. 

d  What  type  of  reducing  motion,  and  how  connected, prefer- 
ably by  drawing. 

e  How  the  cards  shall  be  integrated. 

/  How  the  speed  to  be  used  shall  be  found. 

61  In  all  cases  where  there  are  negative  card  areas  or  complete 
negative  cards,  as  in  the  two-cycle  engine  pumps,  it  should  be  under- 
stood that  their  work-equivalent  is  to  l;~»e  sul^tracted  from  the  work- 
equivalent  of  positive  areas  of  cards.  The  negative  or  bottom  loop 
of  four-cycle  cards,  when  taken  with  high-scale  springs,  should  be 
ignored  as  unmeasural)le,  except  possibly  at  very  light  loads  when 
the  engine  is  throttle  governed. 

.     .  .  b.h.p. 

62  Engine  friction, or  ratio  of   .  ,'     '  may  be  made  a  matter  oi 

^  '  i.h.p.         -^ 

agreement  without  any  contemplated  measurement,  from  the 
opinions  of  contracting  parties  or  by  the  mutual  acceptance  of  a  b.h.p.- 
i.h.p.  curve  determined  from  a  similar  engine  and  tested  with  indi- 
cators in  the  contemplated  way  with  a  brake  or  the  electrical  generator 
connected.  This  method  is  perhaps  the  best  available,  as  it  permits 
of  using  a  shop  or  other  good  test  of  a  similar  engine,  which  is  essen- 
tially the  practice  of  the  electric-generator  manufacturers.  The  only 
other  method  of  determination  of  engine  friction  is  by  taking  indicated 
horsepower  at  no  load  and  assuming  it  to  be  constant  for  all  loads. 
This  method  is  better  for  steam  than  gas  engines,  to  which  it  is 
extremely  ill-suited,  as  is  proved  by  repeated  checks  of  it  against 
the  direct  measurement  already  referred  to.     Some  engines  at  zero 
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b.h.p.  give  cards  so  small  in  area,  and  require  at  the  same  time  so  high 
a  spring  scale  as  to  make  the  area  useless  within  10  per  cent,  even  if 
constant.  Cases  are  known  where  the  maximum  card  area  in  a  series 
was  full}^  three  times  the  minimum,  even  with  fairly  good  speed  regula- 
tion; moreover,  the  gas  port  friction  varies  with  load  in  an  unknown 
way. 

TIME-INTERVALS 

63  As  the  original  records  of  guarantee  fulfillment  tests  have  a 
special  legal  significance,  too  much  care  cannot  be  exercised  in  their 
form,  especially  in  the  clearness  of  the  statements  of  quantities  and 
time  of  determination.  For  this  reason  the  method  of  recording  time 
and  time-intervals  may  properly  be  a  matter  of  agreement ;  time  clocks 
and  date  stamps  may  be  used  at  the  time  of  taking  each  individual 
observation,  or  all  readings  and  records  may  be  made  at  the  stroke  of 
a  bell  and  brought  to  the  bell  operator  signed,  for  stamping  just  after 
taking. 

REVOLUTIONS,  PARTIAL  OR  COMPLETE,  AND  TIME  INTERVAL 

6-t     Engine  speed  measurements  are  data  in 

a  Horsepower  calculations  in  which  for  indicated  horsepower 
there  is  needed  the  number  of  similar  cycles  executed  in 
one  minute  rather  than  the  actual  speed  at  any  one  time; 
and  for  brake-horsepower  direct  measurements  the  aver- 
age speed  of  overcoming  the  resistance,  or  the  total  dis- 
tance that  would  l)e  traversed  by  the  point  of  resistance 
in  one  minute,  if  free:  this  also  does  not  involve  the  real 
speed    at   any   minute. 

b  Proof  of  speed  regulation  or  ability  of  the  engine  to  maintain 
a  given  value  for  any  time  interval. 

65  When  engines  are  to  drive  alternators  in  parallel,  the  rate  of 
change  of  speed  in  extremely  small  time-intervals,  down  to  hundred 
parts  of  a  second,  is  important.  As  any  part  of  a  complete  revolu- 
tion, divided  by  the  time  in  minutes,  is  just  as  properly  the  engine 
speed  in  r.p.m.  as  the  revolutions  completed  in  a  whole  hour  divided 
by  sixty,  and  as  these  two  may  be  very  different  indeed  in  amount 
and  constancy,  even  with  constant  load,  and  doubly  so  for  sudden 
load  change,  it  is  evident  that  speed  definition  in  terms  of  revolutions 
per  minute  leads  to  endless  controversy. 


1428  REPORT    OF    STANDARDIZATION    COMMITTEE 

66  In  commercial  transactions  one  method  or  instrument  should 
be  specified  as  a  part  of  the  agreement,  making  its  results  the  defini- 
tion of  the  term  speed.  In  fact,  several  different  meanings  may  very 
properly  be  incorporated  in  the  same  guarantee,  each  defined  by  its 
own  instrument  or  method  of  measurement. 

67  There  are  available  a  variety  of  possible  ways  of  determining 
speed  to  be  noted.  These  may  be  applied  to  the  half-speed  shaft 
of  four-cycle  engines,  the  main  shaft,  cam  shaft  or  governor  spindle 
or  any  other  rotating  part;  but  as  these  will  all  give  different  results, 
the  place  of  attachment  must  be  specified  when  delicate  regulation  is 
in  question.  The  method  of  attachment  is  also  important,  as  counters 
and  tachometers  may  be  gear-driven,  direct-driven  by  pin  or  disc 
clutch  or  belt,  or  held  to  a  punched  lathe  center  and  driven  b}^  a  tri- 
angular prism  with  sharp  edges  to  avoid  slip,  or  by  a  rubber  cone  in 
a  plain  lathe  center,  which  may  slip  considerabl3^ 

68  The  following  methods  for  speed  determination  are  in  use: 

a  Hand  counter  and  stop-watch,  counter  held  to  lathe  center 
for  one  minute,  more  or  less,  or  read  for  one  minute,  more 
or  less,  without  application  at  beginning,  or  removal  at 
end  of  interval. 

b  Mechanical  counter  and  adding  machine,  read  at  long  inter- 
vals of  time. 

c  Hand  tachometer,  mechanical,  electrical,  or  hydraulic. 

69  All  of  these  tachometers  give  instantaneous  readings,  more  or 
less  lagging  and  seldom  agreeing  with  the  average  of  counters;  some 
have  permanent  instrument  errors  varying  with  time  of  applica- 
tion (electric),  or  with  a  great  variety  of  other  conditions;  and  all 
involve  slippage  at  the  point  of  apiDlication. 

d  Belted,  geared  or  direct-driven  tachometers,  intended  to 
eliminate  slippage  at  the  point  of  application. 

70  With  the  belted  type, .if  the  belt  slips  or  flaps  the  speed  fluctua- 
tions will  be  dampened,  and  the  tachometer  will  not  indicate  them; 
while  the  geared  tj^pe  of  tachometer  may  involve  back  lash.  These 
are  also  made  of  the  recording  type  by  the  addition  of  pencils,  or 
pens  and  time-clock-driven  paper.  All  require  calibration,  prefer- 
ably by  their  makers,  and  their  range  of  accuracy  is  limited. 

e  Chronograph  and  seconds-clock  apparatus,  though  expen- 
sive, are  by  far  the  best  for  complete  revolutions  and  not 
too  small  parts  of  revolutions. 
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/  Frequency  meters  on  alternator  circuits  are  good  speed 
indicators  in  connection  with  the  number  of  poles,  and  in 
some  cases  no  other  is  needed. 

g  Positively  driven  small  alternators,  with  frequency  meters, 
especially  of  the  tuning  fork  synchronizing  type,  are  good 
but  expcnisive  instantaneous  speed  indicators  within 
limits. 

h  The  use  of  the  tuning  fork  to  mark  the  time  on  smoked 
paper  over  a  driven  drum  is  a  poor  method  sometimes 
used. 

i  Cross-current  measurement  in  parallel  alternator  circuits  is 
the  best  indication  at  any  instant  of  the  momentary  differ- 
ence in  speed  of  the  two  machines.  It  is  most  easily 
made  but  requires  more  electrical  instruments  than  are 
found  on  the  average  switchboard. 

71  It  seems  further  desirable,  in  accordance  with  the  recommend- 
ations concerning  the  substitution  of  b.h.p.  figures  for  fractional  or 
normal  loads,  to  stop  the  use  of  per  cent  variations  in  speed  and  sub- 
stitute two  limiting  speeds.  For  example,  instead  of  stating  that  at 
a  constant  load  of  100  h.p.,  the  engine  speed  will  be  200  r.p.m.,  or 
more  than  2  per  cent  above  or  below,  the  matter  can  be  put  in  the  form 

Constant  Engine  Brake  Horsepower:  100  50  00 

Engine  speed  limits  over  15  min.,  by  mechan- 
ical   counter     attached     to    cam     shaft, 

maximum  102  105  109 

mimimum  ■  98  99  101 

Great  care  must  be  exercised  after  a  load  change,  to  indicate  not 
only  the  mode  of  speed  measurement  but  also  when  the  measure- 
ment should  begin  and  end. 

72  The  instrument  should  be  specified,  and  the  maker's  name  and 
the  size  should  be  given,  and  if  important,  subject  to  maker's  cali- 
bration before  and  after  test. 

PHYSICAL  OR  CHEMICAL  CONDITION  OF  COAL,  NOT  INCLUDED  IN 
QUALITY    BUT    AFFECTING    ADAPTABILITY    TO    THE    PRODUCER 

73  There  are  certain  characteristics  of  coals  closely  related  to 
their  availability  for  producers  and  to  their  fulfillment  of  conditions 
not  ordinarily  considered  as  fixing  their  quality.     These  are: 

a  Tendency  to  cake  and  coke.  This  depends  on  temperature; 
whether  after  coking  there  will  be  left  hard  or  soft  coke; 
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in  largo    or  small  lumps;   of  porous   or  solid   character; 

easily  gasified  as  fixed  carbon  or  not;  tar-free  when  coked 

or  not. 
b  Quantity  of  tar  set  free  in  coking  and  combustion, 
c  Clinkering  tendency,  associated  with  fusibility  of  ash,  or  its 

tendency  to  flux  with  the  producer  brick  work  or  other 

filling. 
d  Form  of  sul]3hur,  indicating  a  tendency  to  remain  in  the  ash 

and  promote  clinkering,  or  to  gasify  and  so  to  corrode 

iron  work,  especially  where  water  is  encountered. 
e  Uniformity  of  size.     Especially  with  anthracites  a  mixture 

of  large  and  small  sizes  seems  to  pack  the  bed  and  resist 

blast  more  than  a  uniform  size. 
f  Water  of  crystallization.     Its  loss  may  cause  large  lumps 

of  lignite  to  break  down  on  heating,  into  pieces  varying 

from  sand  to  gravel  in  size,  with  a  tendency  to  pack  the 

bed. 
g  State  of  the  fixed  carbon,  whether  easily  gasified  or  not  as 

certain  forms  approach  the  lampblack  condition,   which 

is  practically  ungasifiable  in  an  ordinary  producer. 
h  Nature  of  the  volatile,  whether  easily  split  into  soot  or  not, 

or  whether  the  condensible  tars  can  be  fixed  by  heating. 
i  Strength  of  the  lumps  of  original  coal  or  its  coke,  measuring 

the  tendency  to  crush  under  the  weight  of  upper  layers: 

especially  important  with  peats  and  some  briquettes. 

RECOMMENDATIONS 

74  As  there  is  no  known  way  to  fix  any  of  these  characteristics, 
some  of  which  are  of  essentially  practical  importance,  there  is  need  of 
great  caution  in  guaranteeing  the  performance  of  any  coal  which  has 
not  been  tried. 

PHYSICAL  OR  CHEMICAL  CONDITION  OF  GAS  NOT  INCLUDED  IN 
QUALITY  BUT  AFFECTING  ADAPTABILITY  TO  THE  ENGINE 

75  Just  as  certain  physical  and  chemical  properties  characterize 
coal  in  its  relation  to  the  producer,  properties  yet  undefinable  because 
in  an  early  stage  of  development,  yet  quite  essential  in  practical  oper- 
ation, a  similar  condition  exists  with  gases,  but  to  a  less  acute  degree. 
Some  of  these  gas  characteristics  are; 

a  Presence  of  gritty  solids  tending  to  grind  out  bearing  or 
rubbing  surfaces. 
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b  Presence  of  solids,  whether  gritty  or  not,  tending  to  fill  up 
openings  and  collect  in  the  combustion   chamber  in  non- 
conducting layers,  easily  becoming  red  hot  and  causing 
pre-ignitions. 
c  Presence  and  amount  of  lampblack,  which,  besides  the  tend- 
encies under  a  and  b,  may,  with  oil  or  water,  form  a  gum 
on  the  bearing  surfaces,  especially  the  regulating  valves. 
d  Presence  and  amount  of  tar  in  vapor,  liquid  or  mist  form, 
and  possibility  of  picking  up  from  coating  on  piping  and 
other  parts.     Tar  is  one  of  the  most  serious  causes  of  dis- 
turbance of  valve  movement,  especially  sliding  regulating 
valves,  besides  caking  hard  on  the  combustion  chamber, 
where  it  causes  preignition. 
e  Amount    of   hydrogen  or    illuminants,  or    relation    of  the 
amounts  to  other  substances,  significant  in  the  sense  that 
certain  relative  quantities  may  have  low  ignition  temper- 
atures and  cause  pre-ignition,  the  tendency  toward  which 
is  different  in  practically  every  engine. 
/  Temperature  of  the  gas.     This  affects  the  weight  of  charge 
to  which  the  power  of  the  engine  is  in  direct  proportion: 
so  that  both  charge  and  gas  must  be  as  cool  as  possible, 
r/  Pressure  and  fluctuations. 
7G     This  may  affect  both  power  and  efficiency  of  the  engine,  as 
the  gas  flow  to  the  engine  is  proportional  approximately  to  the  square 
root  of  sum  of  gas  pressure  above  atmosphere  and  cylinder  vacuum 
caused  by  suction,  while  the  air  flow  is  similarly  dependent  on  cylinder 
vacuum  alone.     Any  setting  of  the  mixing  valve  for  correct  mixture 
must  be  made  for  some  gas  pressure,  and  any  change  of  pressure, 
however  momentary,  will  admit  more  or  less  than  the  original  quan- 
tit}'  of  gas,  decreasing  the  power  in  both  cases,  and  where  excess 
enters  wasting  it  with  decreased  efficiency.     The  importance  of  this 
fact  even  during  one  suction  should  be  more  widely  recognized. 

GENERAL     RECOMMENDATIONS 

77  All  terms  made  in  a  guarantee  should  be  defined.  All  guar- 
anteed quantities  must  be  capable  of  measurement,  and  only  one 
acceptable  mode  of  measurement  should  be  specified. 

78  There  should  be  no  conflicts  of  quantities. 

79  Builders  best  serve  their  own  interest,  when  units  are  in  terms 
most  satisfactory  to  the  purchaser,  and  hence  involve  only  input  and 
output  for  definite  fuel ,  horsepower  and  time. 
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80  Builders'  ratings  are  matters  of  private  interest  to  facilitate 
shop  procedure  and  cataloging;  they  should  not  be  used  in  guarantees, 
but  may  be  used  in  describing  the  engine  to  identify  it  with  public 
records. 

81  Standard  forms  of  specification  and  guarantee  are  undesir- 
able as  cumbersome  and  sometimes  inadequate,  actual  conditions 
being  seldom  twice  the  same. 

82  The  legal  nature  of  a  guarantee  must  be  kept  in  mind,  especially 
as  the  terms  and  procedure  involved  are  not  matters  of  common 
knowledge;  in  case  of  controversy  courts  must  interpret  by  attempts 
to  get  at  accepted  practice  in  the  art  through  experts,  in  the  legal 
sense,  who  may  not  be  so  in  the  scientific  and  engineering  sense 
and  may  be  more  interested  in  protecting  their  client  than  in  arriving 
at  truth. 

83  Capability  should  not  be  guaranteed,  but  only  actual  per- 
formance. Failure  to  meet  a  test  rBquirement  does  not  prove  lack 
of  capability.  A  given  gas  having  repeatedly  produced  an  m.e.p.  of 
SO  in  an  engine,  another  similar  engine  is  capable  of  100  h.p., 
when  its  dimensions  and  speed  with  m.e.p.  of  80  figure  100  h.p.,  even 
though  it  never  did  so. 

84  The  time  element  in  any  observation  or  number  of  observa- 
tions, per  result  or  method  of  averaging,  should  always  be  kept  in 
mind.  How  long  a  run  is  necessary  to  prove  the  h.p.,  how  long  a 
count  to  get  the  r.p.m.,  and  how  often,  how  many  tests  to  prove  the 
b.t.u.  per  cu.  ft.  of  gas,  and  how  long  each,  are  all  questions  to  be 
understood  by  both  parties. 

85  Steady  conditions  should  be  established,  or  be  expressly  stated 
as  prerequisite  and  not  be  left  as  implied. 

86  Substantial  fulfillment  of  some  things  is  fulfillment,  whereas 
literal  fulfillment  is  necessary  for  others.  Margins  should  be  estab- 
lished and  agreed  upon. 

87  Expense  of  test  and  conduct  shoukl  be  borne  by  the  builder 
except  when  the  purchaser  imposes  unfair  requirements,  in  which 
case  he  should  be  informed  of  the  cost '  and  be  required  to  bear  it. 
This  is  especially  important  when  long  runs  are  contemplated,  requir- 
ing relays  of  skilled  observers,  or  when  gas  measurements  require 
meters,  or  where  the  purchaser's  expert  tries  to  show  how  much  he 
knows  by  insisting  on  absurd  refinement  or  untried  schemes  of  test 
invented  by  himself. 

88  The  output  energy  of  the  producers  equals  input  energy  of  the 
engines  without  correction  or  qualification,  except  when  some  gas 
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generated  is  used  for  auxiliary  purposes.     For  complete  plants  the 
guarantee  should  be  over  all  performance  onl3^ 

89  When  complete  plants  are  o-uaranteed  by  one  party  the  guar- 
antee should  relate  only  to  producer  input  and  engine  output. 

90  In  tests  for  fulfillment  no  other  data  than  that  required  by 
contract  conditions  should  be  taken,  with  no  exceptions. 

91  The  place  and  time  of  operation  and  test  for  fulfillment  should 
always  be  expressly  stated. 

92  Builders  should  always  expressl};  reserve  the  right,  and  suf- 
ficient time,  for  preliminary  tests  for  adjustment  and  take  complete 
advantage  of  the  opportunity. 

93  Original  records,  with  signatures  and  date  stamps,  should  be 
kept  for  all  fulfillment  t3st  data  and  it  should  be  expressly  agreed 
that  a  copy  be  given  to  the  party  net  in  possession. 

Respectfully  submitted, 

C.  E.  Lucre,  Chairman 

Arthur  West 

J.  R.  Bib  BINS  Gas  Power 

E.  T.  Adams  \  Standardization 

James  D.  Andrew  |        Committee 

H.  F.  Smith  | 

Louis  C.  Doelling  J 
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EMPLOYMENT  BULLETIN 

The  Society  has  always  considered  it  a  special  obligation  and  pleasant  duty  to  be  the  medium 
of  securing  better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention 
and  is  most  anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  request.  Copy  for  notices  in  this  Bulletin  should  be  received 
before  the  15th  of  the  month.  The  list  of  men  available  is  made  up  of  members  of  the  Society, 
and  these  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society  who  are 
cai>able  of  filling  responsible  positions.     Information  will  be  sent  upon  application. 


POSITIONS   AVAILABLE 

085  Business  opportunity.  Exceptional  offer  will  be  made  to  the  right  man, 
who  can  promote  considerable  additional  capital  required  for  a  growing  business; 
one  who  has  a  record  as  a  good  business  manager  and  can  show  himself  competent 
to  financier  a  shop.  Shop  located  in  the  Central  West  and  engaged  in  building 
high-class  engine  work;  strictly  modern  plant,  in  operation  day  and  night  since 
January.     Give  full  particulars  of  past  experience,  etc. 

086  Designer.  A  particularly  able  designer  of  alternating  current  generators 
and  motors,  for  a  leading  position  in  well  known  electrical  manufacturing  com- 
pany near  New  York, 

087  Superintendent  for  eastern  boiler  shop.  Must  be  temperate,  able  to  lay 
out  work  and  to  estimate;  good  handler  of  men.  State  experience,  and  salary 
expected. 

088  First-class  experienced  pump  designer,  man  with  number  of  years  experi- 
ence and  able  to  go  ahead  with  new  designs. 

MEN  AVAILABLE. 

329  Member  desires  position  as  factory  manager  or  mechanical  engineer. 
Has  had  wide  experience  developing  new  inventions.     Best  references. 

330  Mechanical  engineer,  ten  years  experience  foundry  and  machine  shop, 
construction,  boiler  testing  and  selling;  office  experience  and  drafting;  four  years 
wool  manufacturing. 


331  Member,  at  present  superintendent  in  large  machine  shop,  where  he  has 
been  for  several  years,  would  like  a  change  of  locaUty ;  19  years  experience  in  man- 
ufacture of  steam  engines,  steam  turbines,  and  machine  tools.  Capable  of  filling 
first-class  position. 
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332  Mechanical  engineer,  Associate  Member,  technical  graduate,  eight  years 
experience  in  steel  works  and  general  office,  desires  position  as  chief  engineer, 
superintendent  or  sales  engineer.  Familiar  with  all  kinds  of  steel  works  machin- 
ery, construction  work,  and  accounting;  can  handle  men,  cut  down  costs,  and 
systematize  general  office  work. 

333  Superintendent  and  manager  desires  change  for  larger  opportunity- 
High-grade  organizer  and  executive.  SpeciaUzed  on  equipment,  production,  and 
costs. 

334  Mechanical  and  electrical  engineer  desires  position  (East  preferred)  as 
assistant  to  mill  engineer  or  manager  of  works  on  the  design  and  equipment  of 
power  plants  and  industrial  works;  age  forty- three.  Has  had  six  years  experi- 
ence as  engineer  of  works  with  two  important  manufacturing  companies. 
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CHANGES  OF  ADDRESS 

ABBOTT,  WilHam  L.  (1891),     Manager,  1907-1910;  Ch.  Operating  Engr.,  Com- 
,  monwealth  Edison  Co.,  139  Adams  St.,  and  for  mail,  4616  Beacon  St.,  Chicago, 

111. 
ABORN,  George  P.  (1889;  1892),  Mgr.,  Geo.  F.  Blake  Mfg.  Co.,  East  Cambridge, 

and /or  mail,  55  Bin-roughs  St.,  Jamaica  Plain,  Mass. 
ARNOLD,  Edwin  E.  (1900;  1906),  Metal  Products  Co.,  226  Abbott  St.,  Detroit, 

Mich. 
BANTA,  Earle  J.  (1907),  Ch.  Engr.,  Cinn.  Equipment  Co.,  Cincinnati,  O. 
BARRETT,  Walter  A.  (Junior,  1906),  Sales  Dept.,  Bass  Fdy.  &  Mch.  Co.,  and 

for  mail,  714  Woldwood  Ave.,  Fort  Wayne,  Ind. 
BARTON,  Henry  L.  (1903),  V.  P.,  Metal  Products  Co.,  226  Abbott  St.,  Detroit, 

Mich. 
BASINGER,  James  G.  (1907),  Civil  Engr.,  52  Broadway,  and /or  7naU,  523  W. 

121st  St.,  New  York,  N.  Y. 
BIXLER,  Harry  Z.  (1907),  Worth  Bros.  Co.,  Coatesville,  Pa. 
BOGARDUS,  Henry  A.  (Associate,  1907),  Henry  A.  Bogardus  &  Co.,  159  W. 

Huron  St.,  Chicago,  111. 
BOLLER,  Alfred  P.,  Jr.  (1901),  45  E.  17th  St.,  New  York,  N.  Y.,  and  East 

Orange,  N  J. 
BRANCH,  Joseph  G.  (1904),  Pres.,  Branch  PubHshing  Co.,  46  Van  Buren  St.,  Chi- 
cago, 111. 
CARROLL,  Alexander  W.  (1905),  524  Westminster  Ave.,  Ehzabeth,  N.  J. 
CROOK,  Geo.  Louis  (1905),  Factory  Mgr.,  E-M-F  Co.,  Plant  3,  Detroit,  Mich. 
DEAN,  Arthur  M.  (Junior,  1907),  Matheson  Motor  Car  Co.,  Wilkesbarre,  Pa. 
FAR  WELL,  E.  S.  (1899),  with  George  F.  Hardy,  309  Broadway,  New  York,  N.  Y. 
FRANIiENBERG,  Geo.  T.  (Associate,  1907),  Mech.  Engr.,  Ralston  Steel  Car 

Co.,  East  Columbus,  and  far  mail,  1290  Franklin  Ave.,  Columbus,  O. 
HAGERTY,  Walter  W.  (Junior,  1905),  Y.  M.  C.  A.,  Pottsville,  Pa. 
HALE,  Robt.  Sever  (1894;  1897;  1899),  Supt.,  Sales  Dept.,  Edison  Elec.  111.  Co., 

39  Boylston  St.,  and  for  mail,  Tennis  and  Racquet  Club,  939  Boylston  St., 

Boston,  Mass. 
HANSON,  Walter  S.  (Associate,  1902),  Pres.,  El  Reno  Alfalfa  Milling  Co.,  El 

Reno,  Okla. 
HENDEE,  Edward  Thomas  (Associate,   1908),  Mgr.  Mchy.  Dept.,  Joseph  T. 

Ryerson  &  Son,  and /or  mail,  4143  Sheridan  Rd.,  Chicago,  111. 
HORNE,  Harold  F.  (Junior,  1909),  595  West  Side  Ave.,  Jersey  City,  N.  J. 
HURLEY,  Daniel  (Junior,  1904),  1329  11th  St.,  N.  W.,  Washington,  D.  C. 
JOHNSON,  Lewis  (1880),  P.  O.  Box  447,  Covington,  La. 
KRUESI,  August  H.  (1901;  Associate,  1904),  Designing  Engr.  in  Charge  Constr. 

Engrg.,  Genl.  Elec.  Co.,  and  22  Washington  Ave.,  Schenectady,  N.  Y. 
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KRYZANOWSKY,  Constant  J.  (Associate,  1902),  Ch.  Engr.,  Reliance  Motor 

Truck  Co.,  Cor.  King  and  Adams  Sts.,  Owosso,  Mich. 
LILLIBRIDGE,  Ray  D.  (Associate,  1907),  100  Broadway,  and  P.  O.  Box  824, 

New  York,  N.  Y. 
MILLER,  Herman  G.  (1908),  Mech.  Engr.,  Rubber  Regenerating  Co.,  and /or 

mail,  427  N.  Calhoun  St.,  Mishawaka,  Ind. 
MILLHOLLAND,  WilUam  Knox  (1907),  Secy.,  Internatl.  Mch.  Tool.  Co.,  and 

for  mail,  3446  N.  Capitol  Ave.,  Indianapolis,  Ind. 
MOSS,  Sanford  A.  (1903),  Engr.  Turbine  Research  Dept.,  Genl.  Elec.  Co.,  West 

Lynn,  and  36  Sachem  St.,  Lynn,  Mass. 
MOWERY,  John  N.  (1906),  Asst.  M.  M.,  Lehigh  Valley  R.  R.  Offices,  Auburn, 

N.  Y. 
ORCUTT,  Harry  F.  L.  (1900),  Hartford,  Sutton-on-Sea,  Lings,  England. 
PHELPS,  Charles  C.  (Junior,  1909),  Editor  Steam,  114  Liberty  St.,  New  York, 

N.  Y. 
POWEL,  Samuel  W.  (1880),  Asst.  Mch.  Engr.,  Am.  Radiator  Co.,  and /or  mail, 

679  Auburn  Ave.,  Buffalo,  N.  Y. 
RAPLEY,  Frederick  H.  (1905),   11  Thurlow  Rd.,  Hempstead,  London,  N.  W., 

England. 
SMITH,  Wm.  E.  (Junior,  1908),  Babcock  &  Wilcox  Co.,  and /or  mail,  318  E. 

Park  Ave.,  Barberton,  O. 
STEBBINS,  Theodore  (1903),  Herrick  &  Stebbins,  14-16  Church  St.,  New  York, 

N.Y. 
SYMINGTON,  E.  Harrison  (Associate,  1903),  Wks.  Sales  Mgr.,  T.  H.  Symington 

Co.,   Rochester,   N.  Y. 
VALENTINE,  Warren  P.  (Junior,  1904),  Summerlea  Apts.,  Summerlea  and  El- 
wood  Sts.,  Pittsburg,  Pa. 
WATERMAN,  Charles  (1903),  Supt.,  Southern  Motor  Wks.,  Jackson,  Tenn. 
WEINLAND,  Hermon  G.  (Junior,  1905),  Mech.  Engr.,  Safety  Emery  Wheel  Co., 

and  yor  mail,  226  W.  College  Ave.,  Springfield,  O. 
WHITING,  Richard  A.  (Junior,  1909),  Instr.  Exper.  Engrg.,  Stevens  Inst,  of 

Tech.,  Hoboken,  and /or  mail,  Oradell,  Bergen  Co.,  N.  J. 
WRIGHT,  Ernest  N.  (1890),  Cons.  Engr.,  691  Huntington  Terrace,  Pasadena,  Cal. 

NEW  MEMBERS 

BRYCE,  James  Wares  (Associate,  1909),  Goss  &  Bryce,  76  William  St.,  New  York, 

N.Y. 
KOENIG,  Samuel  L.  (Junior,  1909),  U.  S.  Engrs.  Dredge,  Capt.  C.  W.  Howell, 

Galveston,  Tex. 
MEYER,  C.  Louis  (Junior,  1909),  210  S.  36th  St.,  Omaha,  Neb. 
SANGUINETTI,  PhiUp  C.  (Associate,  1909),  Marwick,  Mitchell  &  Co.,  79  Wall. 

St.,  New  York,  N.  Y. 


GAS  POWER  SECTION 

CHANGES  OF  ADDRESS 
BULMER,  Wm.  Carr  (Affiliate,  1909),  882,  Mahoning  Ave.,  Youngstown,  O. 

NEW  MEMBERS 

BECK,  M.  (Affiliate,  1909),  Ch.  Engr.,  Alamo  Mfg.  Co.,  Hillsdale,  Mich. 
CUTLER,  Frank  G.  (Affihate,  1909),  Steam  Engr.,  Tenn.  Coal,  Iron  &  R.  R. 

Co.,  Ensley,  Tenn. 
HAYWARD,  Charles  B.  (AffiHate,  1909),  Editor,  The  Automobile,  119  W.  25th 

St.,  New  York,  N.  Y. 
TILDSLEY,  Joshua  C.  (Affihate,  1909),  Ch.  Engr.,  Martin  Sta.,  P.  G.  &  E.  Co., 

Bay  Shore  Dist.,  San  Francisco,  Cal. 
WILSON,  R.  A.  (Affihate,  1909),  Constr.  Engr.,  Carnegie  Steel  Co.,  Ohio  Wks., 

Youngstown,  O. 

STUDENT  SECTION 

CHANGES  OF  ADDRESS 

HAYNES,  H.  Hasbrouck  (Student,  1909),  Stevens  Inst.,  Hoboken,  N.  J. 
JEHLE,  Ferdinand  (Student,  1909),  101  E.  John  St.,  Champaign,  111. 
KELLOGG,  E.  W.  (Student,  1909),  1112  La  Salle  Ave.,  Chicago,  111. 
LURIE,  A.  N.  (Student,  1909),  present  address  unknown. 
MANSFIELD,  W.  M  (Student,  1909),  582  Jackson  St.,  Milwaukee,  Wis. 
SCHUSTER,  George  (Student,  1909),  407  Stoughton  St.,  Champaign,  111. 


COMING  MEETINGS 

December  and  January 

Secretaries  or  members  of  societies  whose  meetings  are  of  interest  to  engineers  are  invited 
to  send  in  their  notices  for  publication  in  this  department.  Such  notices  should  be  in  the 
editor's  hands  by  the  18th  of  the  month  preceding  the  meeting. 

ALBERTA  ASSOCIATION  OF  ARCHITECTS 

January,  annual  meeting,  Edmonton.     Secy.,  H.  M.  Whiddington,  Strath- 

cona. 
AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT   OF  SCIENCE 

December  27,  Boston,  Mass.     Secy.,  L.  O.  Howard,  Smithsonian  Institution, 

Washington,  D.  C. 
AMERICAN  FEDERATION  OF  TEACHERS  OF  MATHEMATICS 

December  28,  29,  annual  meeting,  Baltimore,  Md.     Secy.,  C.  R.  Mann,  Univ- 

sity  of  Chicago. 
AMERICAN  INSTITUTE  OF  ARCHITECTS 

December   14-16,    annual   convention,   Washington,    D.   C.     Secy.,   Glenn 

Brown,  Octagon  Bldg. 
AMERICAN  INSTITUTE  OF  CHEMICAL  ENGINEERS 

December  8-10,  annual  meeting,  Philadelphia,  Pa.      Secy.,  J.  C.  Olsen,  Poly- 

techni'i  Institute,  Brooklyn,  N.  Y. 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

December  1-15,  220  W.  57th  St.,  New  York.     Papers:  The  Crosstown  Tunnel 

of  the  Pennsylvania  Railroad,  J.  H.  Brace  and  Francis  Mason.  The  East  River 

Tunnels  of  the  Pennsylvania  Railroad,  J.  H.  Brace,  Francis  Mason,  S.  H. 

Woodard.     Secy.,  C.  W.  Hunt. 
AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  ENGINEERS 

January  18-20,  annual  meeting,  29  W.  39th  St.,  New  York.     Secy.,  W.  M. 

Mackay,  Box  1818. 
AMERICAN  SOCIETY  OF  HUNGARIAN  ENGINEERS  AND  ARCHITECTS 

December  4,  Room  703,  29  W.  39th  St.,  New  York.     Paper:  High  Structures 

in  New  York,  Alexander  PoUacsek.     Secy.,  Zoltan  de  Nemeth,  907  Prospect 

Ave, 
THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

December  7-10,  annual  meeting,  29  W.  39th  St.,  New  York.     December  11, 

St.  Louis;  December  17,  Boston,  Mass.     July  26-29,  1910,  joint  meeting  with 

Institution  of  Mechanical  Engineers,  Great  Britain.     Secy.,  Calvin  W.  Rice, 

New  York. 
AMERICAN  SOCIETY  OF  AGRICULTURAL  ENGINEERS 

December  28,  29,  annual  meeting,  Ames,  la.     Secy.,  L.  W.Chase,  Univ.  of 

Neb.,  Lincoln,  Neb. 
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AMERICAN  SOCIETY  OF  REFRIGERATING  ENGINEERS 

December  6,  New  York  meeting.     Secy.,  W.  H.  Ross,  154  Nassau  St. 
ASSOCIATION  OF  AMERICAN  PORTLAND  CEMENT  MANUFACTURERS 

December  14,  15,  annual  meeting,  New  York.     Secy.,  P.  H.  Wilson,  Land 

Title  Bldg.,  Philadelphia,  Pa. 
ASSOCIATION  OF  TRANSPORTATION  AND  CAR  ACCOUNTING  OFFI- 
CERS 

December  14,  15,  Chattanooga,  Tenn.     Secy.,  G.  P.  Conard,  24  Park  PL, 

New  York. 
BOSTON  SOCIETY  OF  ARCHITECTS 

January  4,  annual  meeting.     Secy.,  E.  J.  Lewis,  Jr.,  9  Park  St. 
BOSTON  SOCIETY  OF  CIVIL  ENGINEERS 

January  26,  annual  meeting,  Chipman  Hall,  Tremont  Temple.     Secy.,  S.  E. 

Tinkham,  60  City  Hall. 
BROOKLYN  ENGINEERS'  CLUB 

December  2,  117  Remsen  St.,  Brooldyn,  N.  Y.     Paper:  Steel  Sheet  Piling, 

A.  R.  Archer.     Secy.,  Joseph  Strachan. 
CANADIAN  SOCIETY  OF  CIVIL  ENGINEERS 

Quebec   Branch,    January   21,    armual   meeting,    Montreal.     Secy.,    C.   H. 

McLeod,  413  Dorchester  St.,  W. 
CENTRAL  RAILWAY  AND  ENGINEERING  CLUB  OF  CANADA 

December  21,  Prince  George  Hotel,  Toronto.     Papers:  Gas  Manufacture, 

C.  G.  Herring.     Secy.,  C.  J.  Worth,  Union  Sta. 
CIVIL  ENGINEERS  SOCIETY  OF  ST.  PAUL 

January  10,  annual  meeting.  Old  State  Capitol  Bldg.,  8  p.m.     Secy.,  D.  F. 

Jurgensen,  116  Winter  St. 
COLORADO  SCIENTIFIC  SOCIETY 

December  IS,  annual  meeting,  Denver.     Secy.,  Dr.  W.  A.  Johnston,  801 

Symes  Bldg. 
ENGINEERS  CLUB  OF  ST.  LOUIS 

December  1,  annual  convention,  3817  Olive  St.     Secy.,  A.  S.  Langdorf, 

Washington  University. 
ENGINEERS  SOCIETY  OF  PENNSYLVANIA 

January  4,  annual  meeting,  Harrisburg.     Secy.,  E.  R.  Dasher,  Gilbert  Bldg. 
ENGINEERS  SOCIETY  OF  WESTERN  PENNSYLVANIA 

January  18,  annual  meeting.     Secy.,  E.  K.  Hiles,  803  Fulton  Bldg.,  Pitts- 
burg. 
FRANKLIN  INSTITUTE 

December  10,  January  28,  Witherspoon  Hall,  Philadelphia,  Pa.     Lectures: 

A  Safer  America,  W.  H.  Tolnian;  Road  Administration  and  Maintenance, 

L.  W.  Page. 
INDIANA  ENGINEERING  SOCIETY 

January  14-16,  annual  convention,  Indianapolis.     Secy.,  Chas.  Brossmann, 

Union  Trust  Bldg. 
MICHIGAN  ENGINEERING  SOCIETY 

January   12-14,   annual  meeting,   Lansing.     Secy.,   Alba   L.   Holmes,    574 

Wealthy  Ave.,  Grand  Rapids. 
MONTANA  SOCIETY  OF  ENGINEERS 

January  6-8,  annual  meeting,  Butte.     Secy.,  Clinton  H.  Moore 
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NATIONAL  ASSOCIATION  OF  AUTOMOBILE  MANUFACTURERS 

January  12,  annual  meeting,  Madison  Square  Garden,  New  York.     Secy., 

Benjamin  Briscoe,  7  E.  42d  St. 
NATIONAL  COMMERCIAL  GAS  ASSOCIATION 

December  12,  14,  annual  convention,  Madison  Square  Garden,  New  York. 

Secy.,  L.  S.  Bigelow,  Light  Publishing  Co.,  Willimantic,  Conn. 
NATIONAL  GAS  AND  GASOLENE  ENGINE  ASSOCIATION 

November  30,  December  1,  2,  LaSalle  Hotel,  Chicago,  111.     Secy.,  Albert 

Stritmatter,    Cincinnati,  O. 
NATIONAL  SOCIETY  FOR  THE  PROMOTION  OF  INDUSTRIAL     EDU- 
CATION 

December  2-4,  annual  convention,  Milwaukee,  Wis.     Exhibition  of  Trade 

School  Work,  C.  R.  Richards,  Mem.Am.Soc.M.E.     Secy.,  J.  C.  Monaghan, 

20  W.  44th  St.,  New  York. 
NEW  ENGLAND  RAILROAD  CLUB 

December    14,   Copley  Square  Hotel,    Boston,  Mass.     Paper:  The    Curtis 

Turbine  Applied  to  Marine  Propulsion,  Chas.  B.  Edwards.     Secy.,  Geo.  H, 

Frazier,  10  Oliver  St. 
NEW  ENGLAND  WATER  WORKS  ASSOCIATION 

January  12,  annual  meeting.     Secy.,  Willard  Kent,  715  Tremont  Temple, 

Boston,  Mass. 
NEW  JERSEY  SANITARY  ASSOCIATION 

December  3,   4,   annual  meeting,   Laurel-in-the-Pines,   Lakewood.     Secy., 

J.  A.  Exton,  75  Beech  St.,  ArUngton. 
NOVA  SCOTIA  SOCIETY  OF  ENGINEERS 

December  9,  N.  S.  Telephone  Co.  Building,  Hollis  St.,  Halifax,  8.15  p.m. 

Paper:  Improvements  of  the  Telephone,  J.  H.  Winfield.     Secy.,  J.  L.  Allan, 

Provincial  Engrs.'  Office,  Halifax. 
RICHMOND  RAILROAD  CLUB 

December  13,  January  11.     Lectures:  Block  Signals,  Chas.  Stephens;  Ter- 
minal Freight  HandUng,  G.  H.  Condict.     Secy.,  F.  O.  Robinson. 
ROCHESTER  ENGINEERING  SOCIETY 

December  10,  annual  meeting.     Secy.,  John  F.  Skinner,  54  City  Hall. 
SHORT  LINE  RAILROAD  ASSOCIATION 

December  14,  annual  meeting.  New  York.     Secy.,  J.  N.  Drake,  60  Wall  St. 
WESTERN  RAILROAD  ASSOCIATION 

January,  annual  meeting,  Chicago.     Secy.,  E.  P.  Amory,  Marquette  Bldg. 
WESTERN  SOCIETY  OF  ENGINEERS 

December  papers :  The  Panama  Railroad,  Ralph  Budd ;  Reinforced  Concrete 

Trestles,  C.  H.  Cartlidge.     Secy.,  J.[H.  Warder,  1735  Monadnock  Bldg., 

Chicago. 

MEETINGS  TO  BE  HELD  IN  THE  ENGINEERING  BUILDING 

„  ,  Society  Secretary  Time 

1  Wireless  Institute S.  L.  WilUams 7 .  30 

2  Blue  Room  Engineering  Society W.  D.  Sprague 8.00 

4  Amer.  Soc.  Hungarian  Engrs.  and  Archts .  Z.  deNemeth 8 .  3o 
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„          ,                                   Society                               Secretary  Time 
December 

7-10      The  American  Society  Mech.  Engineers.  .Calvin  W.  Rice 

9          Illuminating  Engineering  Society P.  S.  Millar 8 .  00 

10          American  Institute  Electrical  Engineers .  .  R.  W.  Pope 8 .  00 

14          American  Society  Engrg.  Contractors  ....D.J.  Haner 7 .  30 

16  *American  Institute  Electrical  Engineers    R.W.Pope 8.00 

17  New  York  Railroad  Club H.D.Vought 8.15 

21  New  York  Telephone  Society T.  H.  Lawrence 8 .  00 

22  Municipal  Engineers  of  New  York CD.  Pollock 8.15 

January 

1          Amer.Soc.  Hungarian  Engrs.  and  Archts.-Z.deNemeth 8.30 

5  Wireless  Institute S.  L.  Williams 7.30 

6  Blue  Room  Engineering  Society W.  D.  Sprague 8 .  00 

12  American  Society  Engrg.  Contractors.  .  .  .D.  J.  Haner 7.30 

13  Illuminating  Engineering  Society P.  S.  Millar 8 .  00 

14  American  Institute  Electrical  Engineers. .  R.  W.  Pope 8 .  00 

18-20  Amer.  Soc.  Heatng.  and  Ventilatng.  Engrs.  W.    M.    Mackay All  day 

18  New  York  Telephone  Society T.H.Lawrence 8.00 

21          New  York  Railroad  Club H.D.Vought 8.15 

26          Municipal  Engineers  of  New  York CD.  Pollock 8.15 

*  Subject  to  change. 


OFFICERS  AND   COUNCIL 

PRESIDENT 

Jesse    M.    Smith New    York 

VICE  PRESIDENTS 

L.  P.  Breckenridge Urbana,  111. 

Fred  J.  Miller Center  Bridge,  Pa. 

Arthur  West E.  Pittsburg,  Pa. 

Terms  expire  at  Annual  Meeting  of  1909 

Geo.   M.   Bond Hartford,   Conn. 

R.  C.  Carpenter Ithaca,  N.  Y. 

F.   M.   Whyte New  York 

Terms  expire  at  Annual  Meeting  of  1910 

PAST  PRESIDENTS 

Members  of  the  Council  for  1909 

Ambrose  Swasey Cleveland,  O. 

John    R.    Freeman Providence,    R.    I. 

Frederick  W.  Taylor Philadelphia,  Pa. 

F.  R.  HuTTON New    York 

M.  L.  HoLMAN St.  Louis,  Mo. 

MANAGERS 

G.  M.    Basford     New    York 

A.  J.  Caldwell  (Deceased) Newburg,   N.  Y. 

A.  L.  RiKER Bridgeport,  Conn . 

Terms  expire  at  Annual  Meeting  of  1909 

Wm.   L.  Abbott Chicago,   111. 

Alex.    C.    Humphreys New    York 

Henry  G.  Stott New  Rochelle,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1910 

H.    L.    Gantt New    York 

I.  E.  Moultrop Boston,  Mass. 

W.  J.  Sando Milwaukee,  Wis. 

Terms  expire  at  Annual  Meeting  of  1911 

TREASURER 
William  H.  Wiley New  York 

CHAIRMAN  OF  THE  FINANCE  COMMITTEE 
Arthur  M.  Waitt New  York 

HONORARY  SECRETARY 
F.  R.  HuTTON New  York 

SECRETARY 

Calvin  W.  Rice 29  West  39th  Street,  New  York 
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EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


Jesse  M.  Smith,  Chairman 
Alex.  C.  Humphreys 


F.  R.  HUTTON 

Fred  J.  Miller 


F.  M.  Whyte 


STANDING  COMMITTEES 


FINANCE 

Arthur  M.  Waitt  (1),  Chairman 
Edward  F.  Schnuck  (2) 

Waldo  H.  Marshall  (5) 


Geo.  J.  Roberts  (3 
Robert  M.  Dixon  (4 


HOUSE 

Henry  S.  Loud  (1),  Chairman  Bernard  V.  Swenson  (3 

William  Carter  Dickerman  (2)  Francis  Blossom  (4 

Edward  Van  Winkle  (o) 


LIBRARY 
John  W.  Lieb,  Jr.  (4),  Chairman 

H.  H.  SUPLEE  (1) 

Chas.  L.  Clarke  (5) 

MEETINGS 
Willis  E.  Hall  (1),  Chairman 
Wm.  H.  Bryan  (2) 

H.  de  B.  Parsons  (5) 

MEMBERSHIP 

Henry  D.  Hibbard  (1),  Chairman 
Charles  R.  Richards  (2) 

HosEA  Webster  (5) 

PUBLICATION 

Arthur  L.  Williston  (1),  Chairman 
D.  S.  Jacobus  (2) 

Geo.  I.  Rockwood  (5) 

RESEARCH 
W.  F.  M.  Goss  (5),  Chairman 
J  AS.  Christie  (1) 

Chas.  B.  Dudley  (4) 


Ambrose  Swasey  (2 
Leonard  Waldo  (3 


L.  R.  Pomeroy  (3 
Charles  E.  Lucre  (4 


Francis  H.  Stillman  (3 
George  J.  Foran  (4 


H.  F.  J.  Porter  (3 
H.  W.  Spangler  (4 


R.  C.  Carpenter  (2 
R.  H.  Rice  (3 


Note. — Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  yet 
to  serve. 
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SPECIAL  COMMITTEES 
1909 

On  a  Standard  Tonnage  Basis  for  Refrigeration 


D.  S. Jacobus 
A.  P.  Trautwein 


John  E.  Sweet 


E.  F.  Miller 
On  Society  History 
Chas.  Wallace  Hunt 


g.  t.  voorhees 
Philip  De  C.  Ball 


H.  H.  Suplee 


On  Constitution  and  By-Laws 
Chas.  Wallace  Hunt,  Chairman 
G.  M.  Basford 

Jesse  M.  Smith 


F.   R.    HUTTON 

D.  S.  Jacobus 


On  Conservation  of  Natural  Resources 
Geo.  F.  Swain,  Chairman 
Charles  Whiting  Baker 

Calvin  W.  Rice 


L.  D.  Burlingame 
M.  L.  Holman 


On  International  Standard  for  Pipe  Threads 
E.  M.  Herr,  Chairman  Geo.  M.  Bond 

William  J.  Baldwin  Stanley  G.  Flagg,  Jr. 


On  Thurston  Memorial 
Alex.  C.  Humphreys,  Chairman 
R.  C.  Carpenter 

Fred  J.  Miller 


Chas.  Wallace  Hunt 
J.  W.  LiEB,  Jr. 


On  Standards  for  Involute  Gears 
Wilfred  Lewis,  Chairman 
Hugo  Bilgram 

Gaetano  Lanza 


E.  R.  Fellows 
C.  R.  Gabriel 


D.  S.  Jacobus,  Chairman 
Edward  T.  Adams 
George  H.  Barrus 


On  Power  Tests 
L.  P.  Breckenridge 
William  Kent 
Charles  E.  Lucke 


Edward  F.  Miller 

Arthur  West 

Albert  C.  Wood 


On  Land  and  Building  Fund 
Fred  J.  Miller,  Chairman 

R.  C.  McKinney 


James  M.  Dodge 


On  Student  Branches 
F.  R.  Hutton,  Honorary  Secretary 
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SOCIETY  REPRESENTATIVES 

1909 

On  John  Fritz  Medal 
Henry  R.  Towne  (1)  F.  R.  Hutton  (3) 

Ambrose  Swasey  (2)  Chas.  Wallace  Hunt  (4) 

On  Board  of  Trustees  United  Engineering  Societies  Building 
Chas.  Wallace  Hunt  (1)  F.  R.  Hutton  (2) 

Fred  J.  Miller  (3) 

On  Library  Conference  Committee 
J.  W.  LiEB  Jr.,  Chairman  op  the  Library  Committee  of  The  Am.  Soc.  M.  E. 

On  National  Fire  Protection  Association 
John  R.  Freeman  Ira  H.  Woolson 


On  Joint  Committee  on  Engineering  Education 
Alex.  C.  Humphreys  F.  W.  Taylor 


On  Government  Advisory  Board  on  Fuels  and  Structural  Materials 
Geo.  H.  Barrus  P.  W.  Gates 

W.  F.  M.  Goss 


Oil  Advisory  Board  National  Conservation  Commission 
Geo.  F.  Swain  John  R.  Freeman 

Chas.  T.  Main 

On  Council  of  American  Association  for  the  Advancement  of  Science 
Alex.  C.  Humphreys  Fred  J.  Miller 


Note. — Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  yet 
to  serve. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 

1909 

CHAIRMAN 
F.  R.  Low 

SECRETARY 
Geo.  a.  Orrok 

GAS  POWER  EXECUTIVE  COMMITTEE 
F.  H.  Stillman,   Chairman  G.   I.  Rockwood 

F.    R.    HUTTON  H.    H.   SUPLEE 

R.  H,  Fernald 

GAS  POWER  MEMBERSHIP  COMMITTEE 
Robert  T.  Lozier,  Chairman  D.  B.  Rtjshmore 

Albert  A.  Gary  A.  F.  Stillman 

H.  V.  O.  Goes  G.  M.  S.  Tait 

A.  E.  Johnson  George  W.  Whyte 

F.  S.  Kjng  S.  S.  Wyer 

GAS  POWER  MEETINGS  COMMITTEE 
Cecil  P.  Poole,  Chairman  E.  S.  McClelland 

R.  T.  Kent  C.  T.  Wilkinson  C.  W.  Obert 

GAS  POWER  LITERATURE  COMMITTEE 

C.  H.  Benjamin,  Chairman  L.  S.  Marks 

H.  R.  CoBLEiGH  T.  M.  Phetteplace 

G.  D.  Conlee  G.  J.  Rathbun 
R.  S.  DE  Mitkiewicz  W.  Rautenstrauch 
L.  V.  GoEBBELs  S.  A.  Reeve 
L.  N.  LuDY  A.  J.  Wood                                         A.  L.  Rice 

GAS   POWER  INSTALLATIONS  COMMITTEE 
J.  R.  Bibbins,  Chairman  A.  Bement 

L.  B.  Lent 

GAS  POWER  PLANT  OPERATIONS  COMMITTEE 

I.  E.  Moultrop,  Chairman  H.  J.  K.  Freyn  C.  H.  Parker 

J.  D.  Andrew  N.  T.  Harrington  J.  P.  Sparrow 

W.  H.  Blauvelt  J.  B.  Klumpp  A.  B.  Steen 

V.  Z.  Caracristi  G.  L.  Knight  F.  W.  Walker 

E.  P.  Coleman  J.  L.  Lyon  C.  W.  Whiting 

C.  J.  Davidson  D.  T.  MacLeod  Paul  Winsor 

W.  T.  Donnelly  V.  E.  McMullen  T.  H.  Yawger 

GAS  POWER  STANDARDIZATION  COMMITTEE 

C.  E.  Lucke,  Chairman  E.  T.  Adams 

Arthur  West  James  D.  Andrew 

J.  R.  BiBBiNS  H.  F.  Smith 

Louis  C.  Doelling 
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OFFICERS  OF  STUDENT  BRANCHES 


STUDENT  BRANCH 

AUTHORIZED 

HONORARY  CHAIR- 

PRESIDENT                        SECRETABT 

BY  COUNCIL 

MAN 

1908 

Stevens  Inst,  of  Tech., 

December  4 

Alex.  C.  Humphreys 

H.  H.^Haynes          R.  H.  Upson 

* 

Hoboken,  N.  J. 

Cornell  University, 

December  4 

R.  C.  Carpenter 

C.  F.  Hirshfeld 

Ithaca,  N.  Y. 

1909 

Armour  Inst,  of  Tech., 

March  9 

C.  F.  Gebhardt 

N.  J.  Boughton       M.  C.  Shedd 

Chicago,  111. 

Leland    Stanford,  Jr. 

March  9 

W.  F.  Durand 

P.  H.  Van  Etten    H.  L.  Hess 

University,    Palo 

Alto,  Cal. 

Polytechnic  Institute, 

March  9 

W.  D.  Ennis 

J.  S.  Kerins             Percy  Gianella 

Brooklyn,  N.  Y. 

State  Agri.  College  of 

March  9 

Thos.  M.  Gardner 

C.  L.  Knopf            S.  H.  Graf 

Oregon,  Corvallis, 

Ore. 

Purdue    University, 

March  9 

L.  V.  Ludy 

E.  A.  Kirk               J.  R.  Jackson 

Lafayette,  Ind. 

Univ.    of    Kansas, 

March  9 

P.  F.  Walker 

H.  S.  Coleman      1  John  Garver 

Lawrence,  Kan. 

New   York    Univ., 

November  9 

C.  E.  Houghton 

Harry  Anderson     Andrew  Hamilton 

New  York 

Univ.    of    Illinois, 

November  9 

W.  F.  M.  Goss 

W.  F.  Colman         S.  G.  Wood 

Urbana,  111. 

Penna.  State  College, 

November  9 

State  College,  Pa. 

Columbia  University, 

November  9 

New  York 

Mass.  Inst,  of  Tech., 

November  9 

Fredk.  A.  Dewey 

Boston,  Mass. 

Univ.  of     Cincinnati, 

November  9 

Cincinnati,  O. 

Univ.    of    Wisconsin, 

November  9 

Madison,  Wis. 
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ADVERTISING      SUPPLEMENT 


SECTION    I 


Machine  Shop  Equipment 


Machine  Shop  Equipment       -              ...              -  Section  1 

Power  Plant   Equipment          ....               -  Section  2 

Hoisting  and  Conveying  Machinery.      Power  Transmission      -  Section  3 

Engineering   Miscellany           .              -              -              -              .  Section  4 

Directory  of   Mechanical   Equipment                 ...  Section  5 


THE    WARNER   &    SWASEY    COMPANY 


NEW  YORK 


CLEVELAND 


CHICAGO 


No.   8   Turret  Screw   Machine 


Turret  Lathes,  many  sizes — ^many  styles.  For  a  given  class  of  work  there 
is  a  machine  especially  adapted.  The  catalogue  gives  full  information. 
It  will  be  sent  on  request. 


FOR  MULTIPLE  THREAD  AND  SPIRAL  GEAR  CUTTING 


External  and  Internal  threads  of  any  standard,  taper  threads,  spur  gears, 

worms,  circular  racks,  steel  springs,  long  splines  in  shafts,  etc.,  etc. 

No  other  machine  can  compete  in  point  of  efficiency, 

speed,   precision   and    finish   with 

THE    P.  O  W.    THREAD    MILLING    MACHINES 
PRATT  (Si  -WHITNEY  CO..   HARTFORD,  CONN. 


EXTRACTS  FROM  THE  BOOK  OF  THE 

Copies  of  the  book 


Samples  of   Chuck  Work 


Samples  of  Bar  or  Chuck  Work 


JONES  &   LAMSON 

Springfield,  Vt.,    U.  S.  A.;   97   Queen    Victoria   St.,  London,   England 


HARTNESS    FLAT  TURRET  LATHE 


sent  on  request 


Samples  of  Chuck   Wc 


MACHINE  COMPANY 

,,<^  Germany,  Holland,  Belgium,  Switzerland  and  Austria-Hungary:  M.  Koyemann,  Charlottenstraase 
112,  Dusseldorf,  Germany.  France  and  Spain:  Ph.  Bonvillain  and  E.  Ronceray,  9  and  11,  Rue  des 
Enviergea,  Paris,  France.      Italy:   Adier  &  Eisenschitz,  Milan. 


To  Users  of  Taps  and  Dies 


This  Trade 


Mark  Means 


REGISTERED' 


an  absolute  guarantee  of  first  QUALITY 

38  years  on  the  market  makes  our  Machine  Screw  Taps 

the  pioneers  in  their  class.     They  have  no  superiors,  and 

are  fully  guaranteed 

Taps  and  Dies  furnished  to  A.  S.  M.  E.  Standard  at  regular  prices 

J.  M.  Carpenter  Tap  &  Die  Co.,  Pawtucket,  R.  I. 


Improved   Adjustable  Jaw=Bases 

/ 

This  new  cut,  here  first  published,  shows  our  Patent  Convert- 
ible 2  and  3  Jaw  Heavy  Pattern  Turret  Lathe  Chucks  and  the 
new  Patent  Independently  Adjustable  Jaw-Bases,  which  may  be 
inserted  interchangeably  in  Chucks  of  this  type,  when^desired, 
in  place  of  the  regular  forms  of  Jaws 

PULL  PARTICULARS  ANDLPRICESrUPONHNQUlRY 

THE  D.  E.  WHITON  MACHINE  CO.,  New  London,  Conn.,U.  S.  A. 


The  Standard  Tool  Cos 


DRILL 

Made  in  5  sizes 
Capacity    i"  to    V 


CHUCKS 

Practical,  Strong, 
Durable,  Reasonable 


ASK    FOR   CIRCULAR 

CLEVELAND,  0.,U.S.A.,j^nd  94  Reade  St.,  New  York 

THE  SKINNER 

"1908  PATTERN" 

is  a  handy  Independent  Lathe  Chuck 
made  in  sizes  from  4"  to  42"  in  diam- 
eter. Chuck  has  unusual  gripping 
power  and  the  jaws  reverse  above  the 
face. 

Write    for  our    1909  Price   List  containing  48 

pages  of  Chuck  information. 

THE   SKINNER    CHUCK    CO. 

94  Reade  St.  New  Britain,  Conn. 

New  York  City  U.  S.  A. 

Morse  Twist  Drill  and  Machine  Co. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 


MAKERS   OP 

Arbors,  Chucks,  Counterbores,  Countersinks,  Cutters,  Dies, 
Drills,  Gauges,  Machines,  Mandrels,  Mills,  Reamers,  Screw 
Plates,  Sleeves,  Sockets,  Taps,  Taper  Pins  and  Wrenches 


WE   BUILD   A  COMPLETE   LINE  OF   NEW   AND    UP-TO-DATE 


BOLT  AND  NUT 

MACHINERY 


Including  ... 

Bolt  Cutters  (threaders),  Bolt  and  Rivet 
Headers,  Upsetting  and  Forging  Machines, 
Hot  Pressed  Nut  Machines,  Nut  Tappers, 
Washer  Machines,  Wire  Nail  Machines 
and  Lag  Screw  Gimlet  Pointers 


N 


ATlONALMACHINERYfO 

TIFFIN. Ohio. USA    \j 


Worcester    Drill    Grinders 

These  machines  will  grind  high  speed 
drills  at  any  angle  to  suit  the  material 
and  with  any  clearance  to  meet  the  re- 
quirements of  the  feed. 

THE  WASHBURN  SHOPS 

OF    THE 

Worcester    Polytechnic    Institute 

WORCESTER,  MASS. 

Worcester  Drill  Grinders  Washburn  Speed  Lathe 

Washburn  Sensitive  Drills  Worcester  Drawing  Stands 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT  CHESTER,   N.  Y. 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works   at  Rock    Falls,    III. 


YEAR    BOOKS 

The  Society  wishes  to  have  a  file  of  yearbooks  or  catalogues  complete 
since  its  formation.  Will  members  who  have  any  of  the  following 
numbers  either  send  them  to  the  Society  or  correspond  with  the  Secretary 

No.   2,   1881  No.     6,   1885  No.   13,   1892,  July 

No.   3,   1882  No.     7,   1886  No.   14,   1893,  January 

No.   5,   1884  No.   12,   1891,  July  No.   14,   1893,  July 

Also  the  1903  edition  of  the  Pocket  List  of  Members 

The  American  Society  of  Mechanical  Engineers 

29  West  39th  Street,  New  York 


ADVERTISING     SUPPLEMENT 


SECTION  2 


Power  Plant  Equipment 


Machine   Shop  Equipment      -----  Section  I 

Power  Plant   Equipment  -  ...  -  Section  2 

Hoisting   and  Conveying   Machinery.      Power  Transmission   -  Section  3 

Engineering   Miscellany  .  .  -  .  -  Section  4 

Directory  of   Mechanical   Equipment  .  -  -  Section  5 


WISCONSIN     ENGINE     COMPANY 

CORLISS.  WIS. 


PRIME  MOVERS  FOR  MAXIMUM  ECONOMY 


MAiSON 

REDUCING  V\LVES 


reduce  and  maintain  an  even  pressure  of 
steam,  air  or  water,  regardless  of  changes 
in  the  initial  pressure.  Can  be  set  for 
any  pressure  by  turning  a  key  and  do  not 
have  to  be  locked — the  engineer  retains  the 
Irey.  .  They  are  absolutely  accurate 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS.,  U.  S. A  . 


IMMUNE   TO   the    evils    of    EXPANSION 


^5^  PROVED         ^ 


—J  _  ITS 

I—    SUPERIOR  COMPARATIVE  MERITS 

^^3  FOR 

C^        BOILER  BLOW-OFF,  ETC. 

BECAUSE    IT 

meets    requirements    perfectly 
without    repairs    or    complaint 

SPECIFIED  AND  USED  BY  tKN^S^^^^^Ts 

JOHN  SIKIIVIONS  CO..  no  centre  st.,  New  York.  N.  Y, 


FOOS   PRODUCER  GAS   ENGINES 

FOR   ELECTRIC  LIGHT  AND  POWER  PLANTS 


Vertical   Multiple  Cylinder  Engines  20  to  500  H.P. 

JAMES  BEGGS  &  CO.,  109  Liberty  St.,  NEW  YORK 

Write  for  our  Catalogue  B 

The   Buckeye   Four -Stroke   Cycle 

GAS  ENGINE 

SINGLE  and  DOUBLE  ACTING 


In  powers  from  50  to  6000  Horses 

Catalogs  on  Application  Free  from  Complications 

BUCKEYE  ENGINE  CO.,  Salem,  Ohio 


Nash  Gas  Engines 

and  Producers 

are  simple,   economical  and   reliable,   and 
have    demonstrated     their    superiority    in 

service. 

Simple,  because  they  are  cap- 
able of  running  at  their  rated 
load  for  ten  consecutive  hours  on 
one  charge  of  fuel. 

Economical,  because  the  fuel 
consumption  is  but  one  pound  of 
coal  per  B.H.P.  hour. 

Reliable,  heca.use  they're  Nash. 
WE  MANUFACTURE  A  COMPLETE  LINE  OF  WATER  METERS  i" TO  eC 

National  Meter  Co. 

NEW  YORK  CHICAGO  BOSTON 


WARREN    VERTICAL  AND    TANDEM    GAS 
ENGINES  AND  SUCTION  GAS  PRODUCERS 

POINTS  OF   MERIT 

Heavy  overload  capacity.     Close  regulation.      Positive  lubrication. 

Positive  circulation  of  cooling  water.     No  joints  between 

combustion    chamber    and    water   jackets. 

All  valve  cages   removable. 

The   most  reliable  and  economical  motive  power  obtainable 
Ask  your  consulting  engineer  to  investigate 

Warren,  Pa. 

Pittsburg 
310  House  Building 


STRUTHERS-WELLS    CO., 


Naw  York 
60  Church  Street 


Robb-Mumford  Boiler  Co, 


Successors  to 

EDWARD  KENDALL  &  SONS 

CHARLES  RIVER  IRON  WORKS 


Manufacturers  of 

Return  Tubular,  Water  Tube,  internally  fired  and  other 
types  of  Boilers;  Smoke  Stacks,  Tanks,  Etc. 

Works:— SOUTH  FRAMINGHAM,  MASS. 

Sales  Office  New  York  Office 

131  State  St.,  Boston  90  West  Street 


The  stoical  Ridgway  Engine  isn't  surprised  by 
sudden  overloads.  It's  always  ready  for  them. 
That's  one  good  feature  of  the  Ridgway  Engine. 
Others  are  given  in  Bulletins. 


Bulletins   upon   request 

RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PENNA. 


10 


Murray  Corliss  Engine 

All  parts  ground  that  should  be  ground 


MURRAY  IRON  WORKS  CO. 


Incorporated  Feb.  1,  1870 


BURLINGTON,  IOWA 


SEABURY  COMPOUND  AND  TRIPLE  EXPANSION 

MARINE 


STEAM 
ENGINES 


PERFECTION     IN   DESIGN 
AND  MATERIAL 


GAS  ENGINE  &  POWER  CO.  and  CHARLES  L.  SEABURY  &  CO. 

CONSOLIDATED 
MORRIS   HEIGHTS,    NEW   YORK,    N.   Y. 

Also  Yacht   and   Launch   Builders  and  Manufacturers  of  Seabury  Water  Tube 
Boilers  and  Speedway  Gasolene  Engines.  Send  10  cent  stamj)  for  Catalogue. 
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Electrically    (Operated 
Iron  Body  Gate  Valve 


Nelson  Valve  Company,  Philadelphia 


12 


"THE  GOLDEN" 

Cushioned    Non-return    and 
Triple  Acting  Valves 

"Works  Both  Ways" 

Protect  your  Power  Station 
with  "The  Valves  that  are 
Absolutely  Guaranteed." 

Armour  &  Co.,  ChicaRo,  ordered 
32   10-inch  Triple  Valves. 

Golden  "Anderson  Valve 
Specialty  Company 

1032  Fulton  Bldg.,  Pittsburg, Pa. 


AUTOMATIC   FLOAT  VALVES 
"SIMPLY    HAVE   NO   EQUAL" 


Angle  or 
Straight    Way 


The  Hooven,  Owens 
Rentschler  Co. 

Manufacturers  of 

Hamilton  Corliss 

Engines 
Hamilton  High  Speed 

Corliss  Engines 
Hamilton  Holzwarth 

Steam  Turbines 

Special  Heavy 

Castings 

HAMILTON,  OHIO 


Saves  Frictional  Wear 

That's  what  Dixon's  Flake  Graphite  does  wherever  it 
is  used.  And  remember  that  it  is  the  wear  that  depre- 
ciates all  machinery.  Dixon's  Flake  Graphite  will 
reduce  this  wear  to  a  minimum  in  every  instance,  relieve 
friction,  prevent  damage  and  repairs  that  result  from 
parts  running  hot.     Write  for  free  sample. 

JOSEPH  DIXON  CRUCIBLE  CO.  Jersey  City,  N.  J. 


RIVERSIDE  HEAVY  DUTY  DOUBLE-ACTING  TANDEM  GAS  ENGINE      (.CLASS  F) 

Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  service      Built  in  twelve 

types,  seventy-two  different  sizes  from  10  to  2500  H.  P. 

RIVERSIDE    ENGINE    COMPANY  Oil  City,  Pennsylvania 
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WHY  not  satisfy  yourself  once 
and  for  all  whether  or  not 
you  are  using  the  power  best 
adapted  to  your  own  peculiar  require- 
ments. 

Write   us    fully  about  your  present 
conditions  and  let  us  tell  you  whether  ^    .^^^tas-^^E^^HW^^^w^^'^i! '  ■  -v        -     -    -  « 

DU    BOIS    GAS    AND  \-«^  ^ 

GASOLINE  ENGINES 

will  help  you  to  reduce  consumption  of  fuel,  save  engineer's  time  and  repair  bills.     No  obliga- 
tion, of  course. 

Let  us  also  send  you  catalog  "P,"  which  covers  our  complete  line  (from  5  to  375  H.P.) 

DU  BOIS  IRON  WORKS,     sie  Brady  st.,  du  bois,  pa. 

HEINE   ^ftW   BOILERS 

and 

SUPERHEATERS 

In   units  of  from  50  to  600   H.  P. 

Heine  Safety  Boiler  Co.,  St.  Louis,   Mo. 

BRANCH    OFFICES 
Boston  New  York  Philadelphia  Pittsburgh  Chicago  New  Orleans 


ON  THE  ART  OF  CUTTING  METALS 

By  FRED  W.  TAYLOR,  Sc.D. 

The  most  complete  and  thorough  treatise  yet  published 
on  this  subject  with  chapters  on: 

Action  of  Tool  and  its  Wear  in  Cutting   Metals 

How  Modern   High-Speed  Tools  Wear 

How  to  Make  and  Record  Experiments 

Lip  and  Clearance  Angle  of  Tools 

Forging  and  Grinding  Tools 

Pressure  of  the  Chip  upon  the  Tool 

Cooling  the  Tool  with  a  Heavy  Stream  of  Water 

Chatter  of  Tools 

How  Long  Should  a  Tool  Run  Before  Regrinding 

Effect  of  Feed  and  Depth  of  Cut  on  Cutting  Speed 

Tool  Steel  and  its  Treatment 

Theory  of  Hardening  Steel 

Quality  of  Metal  to  be  Cut 

Line  or  Curve  of  Cutting  Edge 

Slide  Rules 

Additional  Experiments  and  Investigations 

2d  Edition — without  discussion  (cloth)          -  $3.00 

3d        "            with              "               "              -  3.50 

3d        "               "                 "            (half-morocco)  4.50 

Pages  350.     Folders  24 

The  American  Society  of  Mechanical  Engineers 

29  WEST  39th  STREET,  NEW  YORK 
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OVER  ONE  MILLION 

Genuine   "DETROIT"   Sight=feed    Lubricators 
in  service  all  over  the  World 

Some  one  of  our  339    different   styles  and  sizes  of  sight-feed 
lubricators  will  fill  any  requirement  you  may  have 

THE  GENUINE  "DETROIT" 

Is    simple  and   dependable.     (Look   out   for  substitutes.) 


Oetrott  Lubricator  Company 


Send  for  Catalogue  A-16 


DETROIT,   U.   S.  A. 


FORTHE  HIGHER  THAN  ORDINARY  PRESSURES 

GATE  VALVES 

with"doubledisc,  taper  seats  and  central  ball  bearing  de- 
vice are  the  tightest  by  reason  of  their  flexibility  and 
compensating  features,  thus  taking  up  any  possible  dis- 
tortions or  strains,  expansions,  etc. 
Catalogue  explains  merits  of  Construction  and  Operation 

The  KENNEDY  VALVE  MANUFACTURING  CO. 

Elmira,  N.  V.,  and  57  Beekman  St.,  New  York  City 

Agencies  in  Chicago,  San  Francisco,  Portland,  Ore.,  New  Orleans, 
Louisville,  Ky.,  Boston. 

LINDSTROM'S  CORLISS   VALVE   STEAM   TRAP 


None 
Better 


r  Simplicity 

I    Durability 

For  -j    Reliability 

Economy  and 
I    Emergency 

Write  for  Booklets 


JOHN  T.  LINDSTROM 

214  South  Third  Street 

ALLENTOWN,  PA. 


American  Ball  Angle  Compound  Engine 


represents  the  latest  development  in  practical 
Steam  Engineering,  combining  the  following 
features:  Perfect  balance,  uniform  torque, 
high  economy,  small  floor  space,  smooth, 
quiet  running,  no  dead  centers,  extreme  sim- 
plicity, moderate  cost,  small  foundation  and 
perfect  satisfaction. 

Write  for  our  new  bulletin 

"The  Modem  Automatic  High-Speed  Engine" 


American  Engine  Company 

42  Raritan  Ave.    Bound  Brook,  N.  J. 


THE    ENGINEERING    LIBRARY 

IN   THE 

Engineering  Societies  Building 

29  West  39th  Street,  New  York'j 


A  free  reference  library  containing  50,000  volumes.  One  of 
the  largest  collections  of  engineering  literature  in  the  world. 
There  are  450  current  technical  journals  and  magazines  on  file 
in  the  reading  room.  All  the  foreign  and  domestic  technical 
periodicals  are  received,  as  well  as  the  proceedings  of  the 
various  engineering  societies  of  the  world.  The  library  con- 
tains many  rare  and  valuable  reference  works  not  readily 
accessible  elsewhere. 


The  Library  contains  the  individual  libraries  of  J" 

The  American  Institute  of  Mining  Engineers 
The  American  Society  of  Mechanical  Engineers 
The  American  Institute  of  Electrical  Engineers 


A  union  catalogue  of  the  serial  publications  of  the  three 
Libraries    is  accessible  to  the  users   of  the   Library 


THE  LIBRARY  IS  OPEN  FROM  9  A.  M.  TO  9  P.  M 

Librarians  are  in   constant    attendance 
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ADVERTISING     SUPPLEMENT 


SECTION   3 

Hoisting  and  Conveying  Machinery 
Powder  Transmission 


Machine   Shop  Equipment       .....  Section    1 

Power  Plant   Equipment  -  .  .  .  .  Section  2 

Hoisting   and  Conveying   Machinery.     Power  Transmission      -  Section  3 

Engmeering   Miscellany  -  .  -  .  ,  Section  4 

Directory  of   Mechanical   Equipment  -  .  ,  Section   5 


WILL  PAY  FOR  ITSELF 
IN  THREE  MONTHS 

^  An  E.  C.  Si  M.  Magnet  will  pay  for  itself  in 
three  months;  this  may  sound  rash  but  when  you 
consider  the  fact  that  one  magnet  will  do  the 
work  of  from  ten  to  fifteen  men  it  means  at  least 
$15.00  a  day  saved. 

11  Think  this  over;  write  us  your  conditions  and 
present  methods  of  handling  your  rough  and 
finished  product. 

REMEMBER 

Our  magnets  are  dependable — they  will  lift 
more  and  wear  longer  than  any  competitive 
magnet.     Let  us  prove  it  to  you. 

THE 

ELECTRIC  CONTROLLER  &  MFG.  CO. 

CLEVELAND,  O. 


"rsS^S^i^^i 


w 


The  Book  of  Hoists 

E  are  learning  every  day:   New  hoisting 
problems  are  constantly  arising. 


If  our  book  of  Hoists  does  not  give  the  infor- 
mation you  want,  we  may  have  it  on  file,— at 
your  disposal.     If  not,  we'll  get  it  for  you. 

But  by  all  means  let  us  send  you  today  our  Book 
of  Hoists. 

The  Yale  &  Towne  Mfg.  Co. 

Only  Makers  of  Genuine  Yale  Locks 
9  Murray  Street  New  York 
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Cletjelanti  Cranes 


are  purposely  made  for  those  users 
of  hoisting  machinery  who  are  seek- 
ing Quality  and  Results. 


The  Cleveland  Crane  Qr  Car  Co> 

-^  Wickliffe.Ohio.  —       EngineerinsCo. 


Our  catalogue  is  an  invaluable 
reference  book.    Do  you  want  it? 


THE     J.     M.     DODGE     COMPANY 

NICETOWIM,     PHILADELPHIA 

CONTRACTING    ENGINEERS. 


4C 


The  Dodge  System"   of  Coal   Storage 

Cranes,  Bridge  Tramways    Telphers  and  other  apparatus  for 
the  Transportation  of  material 

Concrete  and  Steel  Structures 


90  foot  Double  Strand  Steel  Conveyor 

LINK  CHAirBElT  CD'S 

System  of  Elevating 

Conveying  and  Power 

I  ransmission  Machinery 

Silent  Cliain  Drives 

and   Gravity  Roller  Conveyors 

Experts  on  reduction  of  Factory  Costs 
Write  for  Catalogue  20-E 


•SO  CHURCH  ST. 


NEW  YORK 


Schillings  Journal  fijr  Gasbeleuchtung.     1858-1906 

Power.      Vol.  1-6.      1881-1885 

Practical  Engineer,  Manchester.     Vol,  5-6 

Plumber  and  Sanitary  Engineer    (later  Engineering  Record) 

Vol.  1-3,    12,  16-18 
Gas  Engine,  Cincinnati.     Vol.  1-2 

Copies  of  the  above  wanted  for  cash  or  exchange 

.Address,  the  Secretary, 

THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

29  W.  39th  St.,  New  York  City 


IS 


ALLIANCE    CRANES    All    Types 


Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO. 


Alliance,  Ohio 


Pittsburg  Office,  Flick  Building.  Birmingham  OfiSce,  Woodward  Bmlding 


ELECTRIC  TRAVELERS 
All  Types  for   Every  Service 


COMPLETE  EQUIPMENT 

AND  Cranes  of  All  Kinds  for 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant 
delivered   to   purchasers   ready  to  run. 

WHITING  Foundry  EqiiipmentCo. 

Manufacturers,  Engineers,  Designers 
HARVEY,  ILL.  (Chicago,  suburb) 


CRANES  '"d  hoists 


ELECTRIC  AND  HAND  POWER 
ALL  TYPES  AND  CAPACITIES 


ALFR 


BOX 


CO. 


Philadelphia.  Pa. 


WE  MAKE  CRANES  OF  ALL  TYPES  UP  TO  150  TONS— We  also  make 
■    ^  -*""^  0  ^^^^  bucket  cranes 

'' i^-'^'p^m^^i^  [■■■BTiiiiirflTfTi^Mif  ^°*^  hoists  for  coal 

''WK^-^^^^^SSSSSS^SmKmBmfl/tM^m.  ■         storage  service. 

We  send  bulletins 
describing  same  on 
request. 

You  get  the  most 
Reliable  Cranes  in  the  "NORTHERN." 

NORTHERN  HIGH  GRADE  CRANES. 
NORTHERN  ENGINEERING  WORKS, Detroit. 

New  York  Office,    120  Liberty  St.  -  Chicago,  539  Monadnock 
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CONVEYING 


AND 


POWER-TRANSMISSION 
MACHINERY 

Link-Belt 
Company 


PHILADELPHIA 


CHICAGO 


INDIANAPOLIS 


NewIork:  Pittsburgh:  St.  Louis: 

^299  Broadway.  1501-02  Park  BIdg.  Missouri  Trust  Bldg. 
Seattle:  Denver: 

^439-440  N.Y. Block.    Lindrooth,  Shubart  &  Co. 

New  Orx>eans: 
Wilmot  Machinery  Co. 


\l  SONS  COMP^p, 


THE 

STANDARD 

WIRE 

ROPE 
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JEFFREY 

"Century"    Rubber    Belt 

CONVEYERS 

are  thoroughly  reliable 
and  economical 


"Century"  Belting  which  is  used  on  all  Jeffrey  Rubber  Belt  Conveyers  has  no  equal  in  wearing 
qualities — It  does  not  crack,  it  is  made  of  the  very  best  duck,  the  carrying  surface  is  rein- 
forced bv  an  extra  covering  of  rubber,  the  thickness  depending  upon  the  character  of  the 
material  and  conditions  involved. 

Send  for  Catalog  K  8i 

Coal  and  Ashes  Handling  Systems  for  Power  Plants,  Screens, 

Crushers,  Storage  Bins,  Elevators,  Etc. 

Complete  Coal  Mine  Equipments 

The  Jeffrey  Mfg.  Company 


New  York  Chicago 

KnoxviUe 


Columbus,  Ohio 

St.  Louis 
Pittsburg 


Boston  Denver 

Montreal,  Can. 


IT  PAYS  TO  SUBSTITUTE 
DIAMOND  BLOCK  CHAINS 
FOR  MALLEABLE  CHAIN 

Malleable  chain  and  sprockets  are  necessarily  far  larger  and  heavier 
than  machine-cut  chain  for  a  given  duty.  With  the  malleable  chain 
tliere  is  always  the  uncertainty  of  breakage  at  a  weak  link.  The 
outfit  looks  bad  and  does  not  enhance  sales.  A  Diamond  Chain,  on 
the  other  hand  is  accurate  to  the  i/iooo  of  an  inch  at  every  link  and 
does  its  work  without  any  popping  noise.  The  high  quality  of  steel 
used  in  its  construction  renders  the  Diamond  Chain  dependable  when 
subjected  to  the  sudden  jerks  and  overloads  that  would  be  disastrous 
to  the  malleable  chain.  That  is  why  Diamond  Block  has  replaced 
so  much  malleable  chain  on  high  grade  agricultural  machinery, 
exposed  drives  in  factories,  etc. 

Ask  for  book  on  "  Chain  Transi'  issi  m  of  Power." 


DIAMOND  CHAIN  (Si  MFG.  CO. 

259  West  Georgia  St.  Indianapolis,  Ind. 


Capacity  8,000,000  ft.  per  year. 


56 
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The  Clutch  That 
"Makes  Good" 


A   CEMENT  mill   in  Ohio  that  two  years  ago  had  no  end  ot 
trouble  with  friction  clutches,  ordered  a  Dodge  Split  Clutch  to 
replace  one  of  them.      It   "made  good"   and  six  more  Dodge 
Clutches  replaced  the  troublesome  ones. 

One  of  the  largest  mining  and  smelting  interests  of  this  country, 
after  comparative  tests  and  trials  of  clutches  of  many  makes,  adopted 
the  Dodge  Split  Clutch  as  the  standard  for  all  its  plants,  reduction 
works,  smelters,  sawmills,  etc.  That  was  several  years  ago.  Hun- 
dreds of  Dodge  Clutches  are  now  in  operation  in  these  plants. 

The  largest  producer  of  fire-clay  products  in  the  United  States 
with  plants  in  four  states  insists  on  Dodge  Split  Clutches  with  all 
equipments  of  clay  working  machinery,  no  matter  by  whom  fur- 
nished. Names  of  these  concerns  given  on  request  to  interested  power 
users.  The  proof  of  the  clutch  is  in  the  working;  that  is  why  more 
Dodge  Split  Clutches  are  made  and  sold  each  year  than  any  other. 
Ask  for  Bulletin  J-116. 

Dodge  Manufacturing  Co.,  Station  F-45  Mishawaka,  Ind. 


ADVERTISING      SUPPLEMENT 


SECTION  4 


Engineering   Miscellany 


Machine   Shop  Equipment       -               -               .              ,               -  Section    I 

Power  Plant   Equipment          -----  Section  2 

Hoisting   and  Conveying   Machinery.      Power  Transmission      -  Section  3 

Engineering   Miscellany            .               .               .               .               .  Section  4 

Directory  of  Mechanical   Equipment                -              .              .  Section  5 
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UNIVERSAL 
CASTIRQN 


PIPE 


A  Universal  Pipe 
Joint  Stays  Tight 


tij   TiiiD  Leaks  are  not  an  "unavoidable 

evil"  when  Universal  Cast  Iron  Pipe  is  used. 

Universal  Cast  Iron  Pipe  is  Cast  iron  Pipe 
with  male  and  female  ends  and  contact  surfaces 
machined  on  a  taper  giving  the  equal  of  a 
ground  joint. 

By  making  the  tapers  of  slightly  different  pitch,  the  joint  is 
Pivotal  at  any  point  in  its  Periphery,  and  the  rigidity  of  "turned 
and  bored"  does  not  obtain — hence  the  name  UNIVERSAL. 


Central  Foundry  Company, 


37  WALL  ST. 

NEW  YORK 


J 


We  have  waited  a  long  time  but  here  it  is  at  last 

A  PERFECT  AUTOMATIC  METER  TRAP 

Change  of  temperature,  pressure  or 
vacuum,  does  not  affect  its  accuracy- 
Delivers  directly  back  to  boiler,  tank, 
or  wherever  desired,  under  every  and 
all  conditionj.  It  works  while  vou 
sleep. 

Territory  rights  to  manufacture  un- 
der mv  patents  issued. 

W.  H.  ODELL,  M.  E. 

Yonkers,  N.  Y. 

THE   VENTURI    HOT   WATER  METER 

is  needed  in  every  large  power  plant  to  show  the  evaporation  per  pound 
of  coal. 


VENTURI   METER   TUBE 


It  is  the  only  accurate  device  for  measuring  Hot  Water,  because  there 
is  no  mechanism  in  contact  with  the  Hot  Water. 

Let  us  send  you  Set  H  of  Bulletins. 

BUILDERS  IRON  FOUNDRY       Providence,  R.  I. 
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General  Electric  Company 


CURTIS    LOW    PRESSURE    TURBINES 

The  above  illustration  shows  a  5000  Kw.  Low  Pressure  Turbine  installed  and  in 
commercial  service  in  the  59th  Street  Station  of  the  Interborough  Rapid  Transit 
Company,  New  York.  The  results  obtained  are  so  satisfactory  that  two  additional 
machines  have  been  ordered — a  sure  proof  of  the  merits  of  the  Curtis  Turbine. 

Low  and  Mixed  Pressure  Turbines  are  available  in  sizes  from  300  to  7500  Kw.  capacity. 


New  York  Office: 
30  Church  Street 


Principal  Office: 

Schenectady,  N.  Y. 


Sales  Offices   in 
All  Large  Cities 


224S 
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Simplex  not  Duplex 
To   be  simple 
is  to  be  great 


Steam  and  Power  Pumping  Machinery 

For  every  service 

American  Compound  Pumps  work- 
ing on  Elevator  or  Water  Works 
service  have  shown  a  very  low  steam 
consumption  and  a  minimum  main- 
tenance cost. 

They  have  been  found  reliable  and 
ready  to  work  with  the   Governor. 


Our  SS7  D  Catalogue  goes  into  details. 


Compound  Packed  Plunger  Pump. 

American  Steam  Pump  Company,      Battu  creek^  Mich. 


GOULDS 

JPV 

Triplex  Power   Pumps  will  meet  your  pumping 
problem   more  economically  than    any    other    type. 
Their  great  saving  and    efficiency  is   acknowledged 
by  Engineers  everywhere. 

Write  us  for  Catalogs  and  estimates 

THE  GOULDS  MFG.   CO. 

r^^'Qtl  '''^' 

jr  IT 

78  W.  Fall  Street                    Seneca  Falls,  N.  Y. 

(m 

KJI® 

Branches  in  all  large  Cities 

p# 

The  Jeanesville   Iron   Works  Co. 
hazleton,  pa. 

Builders  of 

High. Grade    Pumping    IVIachinery 
Direct-Acting,  Fly.Wheel  and  Centrifugal 

for 

Elevator,    Mine    and    Wa'^erworks    Service 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69  N.  Jefferson 
Street,  Chicago,  111. 

New  York  Office,  139-41  Cortlandt  Street 
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ENGINEERING  SCHOOLS  AND  COLLEGES 


CLARKSON 
SCHOOL  OF  TECHNOLOGY 

Thomas  S.  Clarkson  Memorial 
Organized  Under  Charter  of  the  Univer- 
BiTT  OF  the  State  of  New  York.  Courses  lead- 
ing to  degrees  of  Bachelor  of  Science  in  Chemical, 
Civil,  Electrical  and  Mechanical  Engineering,  corn- 
prising  four  years  of  thorough  training  and  resi- 
dent college  work  in  theory  and  practice  of  engi- 
neering. Copies  of  Clarkson  Bulletin,  published 
quarterly,  mailed  on  application. 

Wm.  S.  Aldrich,  Director, 

POTSDAM.  N.  Y 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering.  Even- 
ing Post-Graduate  Courses.  Fred.  W.  Atkinson. 
Ph.D.,  President;  W.  D.  Ennis.  Member  A.S.M.E., 
Professor  Mechanical  Engineering. 


TUFTS  COLLEGE 

Department  OF  Engineering.  Civil,  Mechan- 
ical, Electrical  and  Chemical  Engineering.  New 
laboratories  and  excellent  equipment.  Beautiful 
site  within  four  miles  of  Boston.  Preparatory  de- 
partment for  students  who  have  had  engineering 
practice,  but  insufficient  preparation  for  college 
work.  For  information  concerning  courses  and 
positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE   P.  O..   MASS. 


THE  RENSSELAER  POLYTECHNIC 
INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical  En- 
gineering and  General  Science  leading  to  the  de- 
grees, C.E..  M.E.,  E.E.  and  B.S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.  Y. 


THE   UNIVERSITY   OF   MICHIGAN 

Ann  Arbor,  Mich. 

Department  of  Engineering.  Courses  offered 
in  Civil,  Mechanical,  Electrical,  Chemical,  Marine 
Engineering  and  Naval  Architecture,  Architecture 
and  .Architectural  Engineering,  and  Geological 
Engineering.  Four,  five  and  six  year  courses. 
University  attendance,  5000;  Engineering  atten- 
ance,  1350. 

For  special  Bulletins  address 

James  P.  Bird,  Secretary. 

NEW   YORK   UNIVERSITY  SCHOOL 
OF  APPLIED  SCIENCE 

Departments  of  Civil,  Mechanical  and  Chemi- 
cal Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,   Dean. 

UNIVERSITY    HEIGHTS,    N.   Y.,   CITY. 


PROFESSIONAL  CAEDS 


THE  ARNOLD  COMPANY 


Engineers — Constructors 
Electrical — Civil — Mechanical 


F.  W.  DEAN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect, 
ISl  LaSalle  Street.  CHICAGO       Exchange  Building,  53  State  St.,  BOSTON,  MASS. 


EARLE  C.  BACON 

Member  A.  S.  M.  E. 
Hoisting,  Crushing  and  Mining  Machinery 

Havemeyer  Building,  NEW  YORK 


J.  A.  HERRICK,  Consulting  Engineer 

Member  A.  S.  M.  E. 

TheHerrick  Patented  Gas  Producers,  Gas  and 
Air  Valves,  Gas  Furnaces,  Regenerative  and 
Direct  Fired — all  purposes. 

Room  1603,  No.  2  Rector  St.,  N.  Y.  City 


BERT.  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,   Specifications  and   Superin tendance   of 
Manufacturing  Buildings,  Plants  and  Equipments 
of  same. 

Perin  Building.  CINCINNATI,  OHIO. 


WILLIAM  R.  CONARD 

Assoc.  A.  S.  M.  E.  and  A.  S.  C.  E. 

Inspection  of  Rails.  Bridge  Materials,  Building 
Materials  of  Iron  and  Steel  Cars,  Locomotives,  etc. 

Specialty:  Inspection  of  all  Water-Works  Mate- 
rials, 322  High  Street,  BURLINGTON,  N.  J. 
Maison  Blanche  Bldg.,  NEW  ORLEANS,  LA. 

R.  C.  Huston,  C.E..      Southern  Representative 


D    HURLEY  &  COMPANY 

Factory  and  Mill  Engineering 
17  Custom  House  Street,     PROVIDENCE,  R.  I. 

CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 
Room  911,  45  Milk  Street,  BOSTON.  MASS. 

SPECIAL  RATES 

Will  be  quoted  on  request  forj 
Professional  Cards. 
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ADVERTISING     SUPPLEMENT 


SECTION  5 


DIRECTORY 

OF 

MECHANICAL 
EQUIPMENT 


A  concise  reference  list  of  Machine  Shop,  Power  Plant  and 
Foundry   Equipment;   Pumping   Machinery;   Power 
Transmission  Machinery;    Electrical  Appa- 
ratus;   Hoisting    and    Conveying 
Machinery  and  allied  lines. 


Machine    Shop   Equipment         -  .  .  -  .  Section  1 

Power  Plant   Equipment  .  .  -  -  .  Section  2 

Hoisting   and   Conveying  Machinery.      Power  Transmission       -  Section  3 

Engineering   Miscellany  .  -  .  -  -  Section  4 

Directory   of   Mechanical   Equipment  ...  Section  5 
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MACHINE  SHOP  EQUIPMENT 


AMERICAN  WATCH  TOOL  COMPANY 

WALTHAM,  MASS. 

Bench  Lathes,  Automatic  Pinion  Cutters,  Automatic  Wheel  Cutters,  Sensitive 
Drills,  Profiling  Machines,  machinery  particularly  adapted  for  meter  manufacturing, 
tool  room  and  laboratory  work.  Estimates  given  on  special  work.  Send  for  new 
catalogue. 


PRECISION 
MACHINERY 


BUTTERFIELD  k  CO. 

DERBY  LINE,  VT.  ROCK  ISLAND,  P.  Q. 

Manufacturers   of  Taps,    Dies,    Screw   Plates,    Stocks   and    Dies,   Tap 


Screw 
Wrenches,  and  all  Thread  Cutting  Tools. 
any  in  the  world. 


Our  goods  are  not  surpassed  by 


TAPS 
AND 
DIES 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest.  Quickest 
cutting  and  most  uniformly  perfect  abrasive  niatcrial  known.  TIu'  Caiboi uiiduni  pro- 
ducts include:  Grinding  Wheels  for  every  possible  tirindiiiK  need,  Sh,irpeiiiiif,'-  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  I'aiier  and  Cloth,  \'ah  e  GriIldill^r  CoiniJouiid, 
Carborundum  Grains  and  Powders,  and  Ciarnet  Paper.  ' 


CARBORUNDUM 
PRODUCTS 


S.   W.  CARD  MFG.   CO. 

MANSFIELD,  MASS.,  U.  S.  A. 
Card  Quality  Taps  are  made  the  best  we  know  how  and  we  know  how 
to  make  the  best.     Established  1874. 


THE   J.    M.    CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.   I. 
Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap  Wrenches,  etc. 
and  38  years  in  the  lead. 


have  been  38  years  on  the  market 


CINCINNATI  GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 
Our    Automatic    Spur  Gear  Cutting  Machines  exceed  in    j)ower   and 
capacity  and  equal  in  accuracy  any  machines  of  their  type  made. 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 
We   manufacture  the   most  complete  line  of  Shapers  made,  including 
Plain  Crank,  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  well  as  Crank  Planers. 
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TAPS 


TAPS  AND 
DIES 


GEAR 

CUTTING 

MACHINES 


SHAPING 
MACHINES 


AUTOMATIC 

TURNING 

LATHE 


MACHINE  SHOP  EQUIPMENT 


FAY  MACHINE  TOOL  CO. 

2jjd  axd  Gi.exwood  Ave.  PHILADELPHIA,  PA. 

Fay  Automatic  Turninj?  Lathes  are  the  best  for  turning  tluplicate  parts. 
Accuracy  and  rapid  production  guaranteed.  One  man  runs  4  to  6  ma- 
chines.    Ask  for  bulletin. 


GEAR 
SHARERS 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  evits  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


NOISELESS" 
RIVETING 
MACHINES 


TURRET 
LATHES 


THE  GRANT  MANUFACTURING  &  MACHINE  CO. 
BRIDGEPORT,  CONN. 

Send  to  us  your  samples  and  we  will  rivet  them  with  our  Noiseless,  Blowless, 
Spinning  Process,  and  return  to  you  free  of  charge,  giving  rate  of  production  which 
is  usually  more  rapid  than  one  per  second. 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


HEAVY  DUTY 

BORING 

MILLS 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 
Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  4'2"  to  84",  inclusive. 


LATHES 

MILLING 

MACHINES 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,    OHIO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines. 
They  are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the 
cutting  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MACHINE 
TOOLS 


MANNING,  MAXWELL  &  MOORE,    Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world   and   carry  in  stock  the  product   of  the  foremost  designers  of  the 
many  branches  of  machine  tool  building  in  the  LTnited  States. 


DRILLS 

REAMERS 

CHUCKS 

TAPS  &.  DIES 

ETC. 


MORSE   TWIST    DRILL   &    MACHINE    CO. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 
Makers   of  Drills,    Reamers,    Cutters,    Chucks,    Taps,    Dies,    Arbors, 
Counterbores,  Countersinks,  Gauges,    Machines,    Mandrels,    Mills,   Screw 
Plates,  Sleeves,  Sockets,  Taper  Pins  and  Wrenches. 
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MACHINE  SHOP  EQUIPMENT 


NATIONAL   MACHINE   COMPANY 

HARTFORD,  CONN. 
Sensitive  Drills,  1  to  10  Spindles;  Re.amer  and  Surface  Grinders;  Cen- 
tering and  Tapping-  Machines.     All  kinds  of  Universal  Printing,  Embossing, 
and  Cutting  and  Creasing  Machines.     Send  for  catalogue. 


DRILLS 

GRINDERS 

CENTERING 

AND  TAPPING 

MACHINES 


THE   NATIONAL   MACHINERY   CO. 

TIFFIN,  OHIO 
We  build  a  complete  line  of  Bolt  and   Nut  Machinery,   including  Bolt  Cutters 
(threaders).   Bolt  and  Rivet  Headers,  Upsetting  and  Forging  Machines,  Hot  Pressed 
Nut  Machines,  Nut  Tappers,  Washer  Machines,  Wire  Nail  Machines  and  Lag  Screw 
Gimlet  Pointers. 


BOLT  AND 

NUT 

MACHINERY 


NIAGARA  MACHINE  AND  TOOL  AYORKS 

BUFFALO,  N.  Y. 
Mfr's  of  Presses  of  various  tyjn'S  and  capacities.  Squaring  and  Rotary 
Shears,  Punches,  Forming  Rolls,  Tinsmiths'  tools  and  machines,  etc. 


SHEET 

METAL 

WORKING 

MACHINERY 


NILES-EEMENT-POND 

CO 

111 

Broadway 

NEW 

YORK 

Metal  Working  Machine  Tools, 

all  kinds  and  sizes 

Niles  Cranes, 

2  to 

200  tons  capacity. 

MACHINE 
TOOLS 
CRANES 


A.  D.   QUINT 

HARTFORD,  CONN. 

Quint  Vertical  Turret  Machines,  built  in  four  sizes,  thirty-five  different  styles' 
and  with  from  four  to  twelve  spindles  each,  for  boring,  drilling,  reaming  and  tapping 
all  kinds  of  metal  work.     Jig  drilling  a  specialty. 


VERTICAL 

TURRET 

MACHINES 


RUSSELL,  BITRDSALL  &  WARD  BOLT  &  NUT  CO. 

PORT  CHESTER,  N.  Y. 

Manufacturers  of  the  finest  grade  of  Bolts  and  Nuts  for  automobiles, 
machinery  and  engineering  work. 


BOLTS 
AND 

NUTS 


THE  SKINNER  CHUCK  CO. 

New  Yokk  City,  94  Reade  St.  New  Britain,  Coxn.,  96  N.  Stanley  St. 

Manufacturers  of  Lathe,  Drill  and  Planer  Chucks,  Face  Plate  Jaws, 
Drill  Press  Vises  and  Reamer  Stands.  We  are  glad  to  quote  on  special 
Chucks.     Write  us  for  our  1909  Price  List,  illustrating  our  complete  line. 


CHUCKS 


THE  STANDARD  TOOL  CO. 

CLEVELAND,  OHIO  94  Reade  St.,  NEW  YORK 

Twist  Drills,  Countersinks,  Chucks,  Sockets,  Emery  Wheel  Dressers, 
Wire  Gauges,  Reamers,  Taps,  Screw  Cutting  Dies,  Milling  Cutters,  Taper 
Pins. 
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TWIST  DRILLS 

REAMERS 

CUTTERS 

TAPS 


MACHINE  SHOP  EQUIPMENT 


PRECISION 
BENCH 
LATHES 


WALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing  8",  will  take  f"  rod  throusli  the  chuck  and  the  workman- 
ship is  of  the  highest  watch  machine  standard.  It  is  a  necessity  in  the  modern  tool 
room.  Catalog  for  those  interested.  Also  makers  of  Automatic  Precision  Bench 
Machinery. 


TURRET 
LATHES 


THE  WARNER  k  SWASEY  COMPANY 

New  York  CLEVELAND  Chicago 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  produc- 
ing work  accurately,  rapidly  and  economically.  Our  catalog,  which  describes 
these  machines  fully,  will  be  mailed  on  request. 


DRILL 

GRINDERS 

SPEED 

LATHES 

SENSITIVE 

DRILLS 
DRAWING 
STANDS 


THE  WASHBURN  SHOPS 

OF    THE    WORCESTER    POLYTECHNIC    INSTITUTE 

WORCESTER,  MASS. 
Worcester    Drill  Grinders  and    Drawing  Stands;  Washburn  Sensitive 
Drills  and  Speed  Lathes. 


TOOL 
STEEL 


WHEELOCK, 

LOYEJOY 

& 

CO. 

23 

Cliff  Street 

NEW  YORK 

Firth-Sterhng  Tool  Steel.     Bl 

ue  Chip  Steel  for  taps. 

die  cutters, 

driUs, 

reamers,  punches,  etc. 

CHUCKS 
CENTERING 
MACHINES 


THE  D.  E.  WHITON  MACHINE  CO. 

NEW  LONDON,   CONN. 
Whiton  Geared  Scroll  Combination  Chucks  have  the  special  qualities  of 
the  Whiton  Geared  Scroll  and  Independent  Jaw  Chucks.     Whiton  Revolv- 
ing Centering  Machine  is  designed  for  accurately  centering  finished  shafts. 


SCREW  PLATES, 
TAPS, 
REAMERS, 
BOLTCUTTERS 


WILEY  &  RUSSELL   MFG.   CO. 

GREENFIELD,  MASS. 

Manufacturers  of  the  well-known  Lightning  "Machine  Relieved"  Taps,  Green 
River  and  Lightning  Screw  Plates;  Adjustable  Screw  Thread  Cutting  Dies;  Spiral 
Fluted  Reamers;  Opening-Die  Bolt  Cutters,  etc.     Send  for  catalogue  34X. 


PAPERS 

ON 

POWER 

TRANSMISSION 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  585.  Power  Losses  in  Transmission  Machinery  of  Central  Stations : 
Aldrich,  price  .f.20;  No.  808.  Power  Transmission  by  Belt:  F.  L.  Elraory, 
price  $.10;  No.  1180.  Power  Transmission  by  Friction  Drives:  W.  F.  M. 
Goss,  price  $.^0;  Paper  on  Belting:  C.  G.  Barth,  price  $.30. 


PAPERS 

ON 

AIR 

COMPRESSORS 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  824.  New  System  of  Valves  for  Steam  Engines,  Air  Engines  and  Compressors: 
F.  W.  Gordon,  price  $.'20;  No.  8!»4.  Test  of  an  Hydraulic  Air  Compressor:  W.  O. 
Webber,  price  1.10;  No.  1017.  Improvement  in  Valve  Motion  of  Duplex  Air  Compres- 
sors: S.H.  Bunnell,  price  $.10;  No.  1131.  A  High  Duty  Air  Compressor:  O.P.Hood, 
price  $.30. 
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STEAM   ENGINES  AND   BOILERS 


STEAM   ENGINES  AND   BOILERS 


ALMY  AVATER  TUBE  BOILER  CO. 

PROVIDENCE,   R.  I. 

Manufacturers  of  Almy  Patent  Section;il  Water  Tube  Boilers  for  steamships, 
river  steamers,  both  propeller  and  stern  wheel,  torpedo  boats.  Are  boats,  launches. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN   ENGINE   CO. 

42  Rahitan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  Anjile  Compound  Engines.  Angle  com- 
pound, 80  to  1,000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,600  h.  p. 


WATER    TUBE 
BOILERS 


ENGINES 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with 
non-detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


STEAM 
ENGINES 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 


ENGINES 
STEAM  AND  GAS 


ERIE  CITY  IRON  AYORKS 

ERIE,  PA, 
Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable  and  vertical  tubular.     Engines:  four  valve,  enclosed  high  speed, 
automatic,  center  crank,  side  crank,  portable.    Feed- Water  Heaters  from  25  to  600  h.p. 


STEAM 
BOILERS  AND 

ENGINES 

FEED-WATER 

HEATERS 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 
HARRISBURG,   PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


STEAM 
ENGINES 


HEINE  SAFETY  BOILER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  units  of 
from  50  to  600  H.  P.,  will  materially  reduce  power  plant  expense. 
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WATER 

TUBE 

BOILERS 


STEAM    ENGINES   AND    BOILERS 


ENGINES 
TURBINES 
CASTINGS 


THE  HOOVEN,  OWENS.  RENTSCHLER  CO. 

HAMILTON,  OHIO. 
Manufacturers  of   Hamilton  Corliss   Engines,   Hamilton  High  Speed 
Corliss   Engines,    Hamilton    Holzwarth    Steam    Turbines,    Special    Heavy 
Castings. 


ENGINES 
BOILERS 


STEAM   AND 

GAS  ENGINES 

GAS 

PRODUCERS 

STEAM 

TURBINES 


MURRAY   IRON   WORKS    CO. 

BURLINGTON,  lA. 
Manufacturers  of  the  Murray  Corliss  Engine  and  Murray  Water  Tube 


Boiler. 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 
Rice   &   Sargent   Higher   Speed   Corliss   Engines,    Improved   Greene 
Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery. 


ENGINES 
GENERATORS 


RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


BOILERS 


ROBB-MUMFORD    BOILER   CO. 


Ml  state  St.,  BOSTON 


SOUTH  FRAMINGHAM,  MASS. 


90  West  St.,  NEW  YORK 


Robb-Mumford  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


ENGINES 

Air 
Compressors 


WISCONSIN    ENGINE   COMPANY 

CORLISS,  WIS. 
Corliss   Engines,    Air   and    Gas   Compressors,    High    Duty    Pumping 
Engines,  Blowing  Engines,   Rolling  Mill  Engines,  "Complete  Expansion" 
Gas  Engines. 


PAPERS 

ON 

CONDENSERS 


PAPERS  FROM  TRANSACTIONS    OF  A.  S.   M.   E. 

No.  29L  Surface  Condensers:  J.  M.  Whitham,  price  .$.10;  No.  534.  An 
Evaporative  Surface  Condenser:  J.  H.  Fitts,  price  .§.!();  No.  693.  A  Self- 
Cooling  Condenser:  Ralberger,  price  $.'20;  No.  1072.  Condensers  for  Sleam 
Turbines,  price  $.20. 


PAPERS 

ON 

ENGINES    AND 

BOILERS 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  827.  Standard  Method  of  Conducting  Steam  Boiler  Trials,  price 
1.50;  No.  828.  Discussion  on  No.  827,  price  $.20;  No.  973.  Standard 
Method  of  Testing  Engines,  price  $.50;  No.  974.  Discussion  on  No.  973. 
price  $.40. 


GAS  ENGINES  AND  GAS   PRODUCERS 


GAS  ENGINES  AND  GAS  PRODUCERS 


JAMES  EEGGS  &  CO. 

109  Lihehty  St.  NEW  YORK 

Manufecturers  of  Foos  Producer  Gas  Engines  for  Water  Works,  Elec- 
tric Light  and  Power  Plants  of  all  kinds;  Vertical  Multiple  Cylinder  Engines, 
20  to  250  h.  p. ;  Horizontal  Single  Cylinder  Engines,  2  to  90  h.  p. 


GAS 
ENGINES 


THE  BRUCE  MACBETH  ENGINE  CO. 

Successors  to  THE  BRUCE-MERIAM-ABBOTT  COMPANY 
2112  Centre  St.,  N.  W.,  CLEVELAND,  O. 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.     For  natural  or  pro- 
ducer gas.      15  to  300  H.  P.     Economy,  reliability  and  simplicity  unex- 
celled. 


GASCENGINES 

AND 

PRODUCERS 


DU  BOIS  IRON  WORKS 

DU  BOIS,  PA. 
Du  Bois  Gas  Engines  operate  at  lowest  possible  fuel  expense  on  natural 
or  city  gas,  gasoline  or  producer  gas.     Speed,   gas,   air  and  electric  spark 
are  adjustable  while  engine  is  running.     Sizes  5  to  375  h.  p. 


GAS 
ENGINES 


GAS  ENGINE  AND  POWER  CO. 

and 
CHARLES    L.    SEABURY   &    CO. 
MoRBis  Heights,  Consolidated  New  York  City 

Manufacturers  of  Seabury  Water  Tube  Boilers,  Marine  Steam  Engines  and  Speed- 
way Gasolene  Engines.     Also  Yacht  and  I^aunch  Builders. 


WATER     TUBE 
BOILERS 


MARINE    STEAM 
ENGINES 


SPEEDWAY 
GAS     ENGINES 


GAS  POWER  COMPANY 

4  Rector  Street,  NEW  YORK 

Straight  Carbon  Monoxide  Gas  Pi-oducers.      Sole  licensees  for  use  of 

exhaust  as  diluent.      Builders  and  contractors  for  complete  factory  and 
waterworks  equipment. 


GAS 
PRODUCERS 


THE    JACOBSON    ENGINE    COMPANY 

CHESTER,   PA. 
Builders  of  high-grade  Automatic  Scavenging  Gas  Engines  (Jacobson's 
Patent).      Contractors  for  complete  Producer  Gas  Power  Plants  guaranteed 
as  a  unit. 


GAS 

ENGINES 

GAS  POWER 

PLANTS 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 
128-138  MoTT  St.,  NEW  YORK 

Oil  Engines,    Marine  and   Stationary,  i-iOO  h.  p.      Direct  coupled  or 
belted  to  Generators,  Air  Compressors,  Pumps,  Hoists,  etc.,  etc. 
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OIL 
ENGINES 


GAS  ENGINES  AND  GAS   PRODUCERS 


GAS  ENGINES 

AND 

PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel ;  will  develop  a  B.  h.  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


GAS 
PRODUCERS 

MINING 
SMELTING 
CRUSHING 

CEMENT 
MACHINERY 


POWER   AND    MINING   MACHINERY  CO. 

West  St.  CUDAHY,  WIS. 

Manufacturers  of  Loomis-Pettibone  Gas  Producers,  the  most  successful 
bituminou.  coal  producer,  of  McCully  Rock  Crushers,  Mining,  Smelting, 
Copper  Converting  and  Cement  Making  Machinery. 


GAS 
ENGINES 


RIVERSIDE  ENGINE  COMPANY 

OIL  CITY,  PA. 
Riverside  Heavj^  Duty  Gas  Engines  give  steam  engine  service, 
in  twelve  types  and  seventy-two  different  sizes  from  10  to  2500  h.  p. 


Built 


GAS     ENGINES 

AND 

PRODUCERS 


STRUTHERS- WELLS  COMPANY 

WARREN,  PA. 

Warren  Vertical  and  Tandem  Gas  Engines  and  Section  Gas  Producers  have  heavy 
overload  capacity,  close  regulation,  positive  lubrication,  positive  circulation  of  cooling 
water.  No  joints  between  combustion  chamber  and  water  jackets.  All  valve  cages 
removable. 


GAS 
ENGINES 


THE  SIPERIOR  GAS  ENGINE  CO. 

SPRINGFIELD,  OHIO. 
Superior  Tandem  Engines,  100  to  200  H.  P.     Single  Cylinder  Engines, 
o  to  100  H.  P.     Will  operate  economically  on  natural,  artificial  or  producer 
gas,  gasoline  or  distillate.      All  Engines  carry  a  20  to  25%  over  load. 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


VALVES 

GAUGES 

INDICATORS 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Established  1851 

Presssure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  loco- 
motive use.  The  American  Thompson  Improved  Indicator  with  new  improved  detent 
motion. 


VALVES 
GAGES 


THE  ASHTON  VALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gages.  All  of  a  superior  quality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction. 

34 


POWER   PLANT  AUXILIARIES  AND   SPECIALTIES 


L.   M.   BOOTH  COMPANY 

NEW  YORK  CHICAGO 

Booth  Water  Softeners  are  automatic  machines,  using  lime  and  soda  for 

removal  of  incrusting,  corrosive,  or  otherwise  deleterious  substjinces,  from 

water,  for  all  purposes.     Send  for  free  booklet  "Hard  Water  Made  Soft." 


WATER 
SOFTENERS 


HENRY  W.   BULKLEY 

ORANGE,  N.  J. 
The  Bulkley  Injector  Condensor  is  guaranteed  to  form  the  best  vacuum 
by  head  of  water  or  by  supply  pump.      In  general  use  on  all  classes  of 
engines. 


INJECTOR 
CONDENSORS 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

steam.  Gas,  Hydraulic  Indicators;  Stationary,  Marine,  Locomotive  Safety  Valves; 
Gages  for  all  purposes:  Recording  Instruments;  Chime  Whistler;  Sight  feed  Lubrica- 
tors; Globe  and  Angle  Valves,  Iron  and  Brass,  for  high  pressures;  Blow-off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


STEAM 
APPLIANCES 


DEARBORN  DRUG  &  CHEMICAL  WORKS 

General  Offices  and   Laboratories:    Postal  Telegraph  Bldg.,  CHICAGO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  gratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


BOILER 
WATER 

TREATMENT 
BOILER 

COMPOUND 


DETROIT  LUBRICATOR  COMPANY 

DETROIT,  MICH. 

"Detroit""  Sight-Feed  Lubricators  are  made  in  451  different  styles,  to 
fill  any  requirement,  and  are  simple  and  dependable. 


LUBRICATORS 


JOSEPH  DIXON  CRUCIBLE  CO. 

JERSEY  CITY,  N.  J. 
Miners,  importers  and  manufacturers  of  Graphite,  Plumbago,  Black- 
Lead  Pencils,  Crucibles,  Stove  Polish,  Lubricants,   Paints,  and  Graphite, 
Products  of  all  kinds. 


GRAPHITE 
PRODUCTS 


THE  ENGINEER  COMPANY 

50  CHURCH  STREET  NEW  YORK,  N.  Y. 

"Economy"  and  "Increased  Capacity"  obtained  by  the  Upbuilding  of 
Furnace  Efficiency  when  operating  with  the  Balanced  Draft  System. 
(Trade  Mark  "Balanced"  Reg.  U.  S.  Pat.  Office.) 


BALANCED 

DRAFT 

SYSTEM 

McLean  Patents 


GOLDEN-ANDERSON  VALVE  SPECIALTY  CO. 

lOSa  Fulton  Bldg.  PITTSBURG,  PA. 

Valves:  Non-Return,  Stop  and  Check,  Boiler  Stop,  Boiler  Feed  Check,  Reducing. 
Controlling  Altitude,  Automatic  Float,  Globe  and  Angle,  Boiler  Blow-Off,  and  Auto- 
ni::tic.  Balanced  Plug  Cocks.  Steam  Traps.  Automatic  Water  and  Locomotive  Steam 
Gauges.     Feed  Water  Regulators. 
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VALVES 

GAUGES 

FEED-WATER 

REGULATORS 


VALVES 


POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 


HOMESTEAD  VALVE  MANUFACTURING  COMPANY 

Works:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


VALVES 
STEAM  TRAPS 
SEPARATORS 
REGULATORS 


THE  HIK;HS0N  steam  specialty  CO. 

CHICAGO,  ILL. 

Maiuifa(t\iiiis  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Reg-ulators.  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  complete  catalogue. 


VALVES 


THE  KENNEDY   VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants; 
Indicator  Valves  for  Automatic  Sprinkler  pAjuipment. 


SEPARATORS 
STEAM 
TRAPS 


JOHN  T. 

LINDSTROM 

214 

S.  Thihd  St. 

ALLENTOWN, 

PA. 

tors 

Manufacturer  of  Lindstrom's 
,  Boiler  Separators. 

Corliss  Valve  Steam  Trap, 

Steam  Separa- 

RAILWAY 
SPECIALTIES 
LUBRICATORS 


VALVES 

STEAM 

SPECIALTIES 


STEAM 
TRAPS 


McCORD  AND  COMPANY 

CHICAGO  NEW  YORK 

The    McCord    Spring    Dampener.      The    McCord   Journal    Box.      The 
McCord  Draft  Gear.     The  McCord  Force-feed  Lubricator. 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS. 
Manufacturers  of  Reducing  Valves,  Damper  Regulators,  Automobile 
Engines,    Pump    Governors,    Pressure    Regulators,    Balanced   and   Lever 
Valves. 


MOREHEAD    MANUFACTURING 

DETROIT,  MICH. 


CO. 


Return.  Non-Return  and  Vacuum  Steam  Traps.  Tlie  Morehead  Tilting:  Steam  Trap 
is  the  original  design  of  iilting  trap,  having  been  on  the  market  for  a  quarter  of  a  cen- 
tury. For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself.  Illus- 
trated descriptive  catalog  sent  on  request. 


VALVES 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  anj^  temperature.    Our 
new  2-24-page  Valve  Catalogue  sent  free  on  request. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


W.   H.   NICHOLSON  &  COMPANY 

WILKES-BARRK,  PA. 

The  Wyoming  Automatic  Eliminator  is  a  combination  Steam  Separator 
and  Trap.  It  has  the  capacity  to  handle  floods  as  well  as  ordinary  conden- 
sation.    Write  for  catalogue  on  separators  and  steam  traps. 


STEAM 

SEPARATORS 

TRAPS 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Ohio  Locomotive  Injectors,  Garfield  Injectors  and  Ejectors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors,  Chicago  Sight- 
Feed  Lubricators  for  locomotive  and  stiitionary  service.  Grease  Cups,  Oil  Cups,  Water 
Gauges,  Gauge  Cocks,  O.  I.  Co.  Valves,  etc. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


PENNSYLVANIA  FLEXIBLE  METALLIC  TUBING  CO. 

PHILADELPHIA,  PA. 

Our  Met;illic  Tubing  is  made  in  all  sizes  from  J"  to  12"  of  copper  or 

galvanized  steel  tape  rolled  into  spiral  form  in  one  continuous  length.      Used 

for  high  pressures  and  all  liquids,  compressed  air,  steam,  gases,  oils,  etc. 


METALLIC 
TUBING 


THE  WILLIAM  POWELL  CO. 

CINCINNATI,  OHIO 

"White  Star"  Globe,  Gate,  Angle  and  Check  Valves,  with  the  revers- 
ible-regrindable-renewable  discs;  three  valves  in  one  at  the  price  of  one; 
two  grades,  for  200  lb.  and  300  lb.  working  pressures. 


"WHITE   STAR" 

VALVES 
GLOBE,     GATE 
ANGLE,  CHECK 


POWER  PLANT  SPECIALTY  COMPANY 

625  MoNADNocK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressure  and  Gravity  Filters.     Correspondence  solicited. 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


JOHN  SIMMONS  COMPANY 

110  Centue  St.  new  YORK 

The  Rothchild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  gas,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  repairs  or  replacing  of  parts. 


ROTARY 
GATE 
VALVE 


WHEELEK  CONDENSER  &  ENG.   CO. 

Main  Office  and  Works:    CARTERET,  N.    J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative 
Dry  Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


A.    B.    WILLOUGHBY 

The  Bourse  PHILADELPHIA,  PA. 

Willoughby's  Patent  Improved  Shaking  Grates  and  Furnaces;  Alter- 
nating Rotary  Shaking  Grates  for  fire  engines  and  all  boilers  with  circu- 
lar fire  boxes. 
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SHAKING 
GRATES 


BLOWERS,    FANS,   DRYERS,   ETC. 


BLOWERS,   FANS,   DRYERS,   ETC. 


BLOWERS 

FANS 

EXHAUSTERS 


DRYERS 


EXETER   MACHINE   WORKS 

EXETER,  N.  H. 

Manufacturers  of  Exeter  Pressure  Blowers  and  Fan  Blowers;  Exeter  Exhausters 
for  Wood;  Exeter  Ventilator  Wheels;  Large  Exeter  Fans  and  Exhausters  for  Heating, 
Ventilating,  Forced  and  Induced  Draft.    Catalogue  gives  details. 


RUGGLES  COLES  ENGINEERING  CO. 

Old  Colony  Bldg.,  CHICAGO  Hudson-  Terminal,  NEW  YORK 

Dryers.      Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


FANS  B.  F.   STURTEVANT  COMPANY 

BLOWERS         I  HYDE  PARK,  MASS. 

ECONOMIZERS  We  make  equipment  to    force   or    exhaust  air  under   all  conditions. 

ENGINES  Larg;est  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 

j  work  done  where  necessary.     Consulting  representatives  in  or  near  your  city. 


TURBINE 

BLOWER 

SYSTEM   OF 

MECHANICAL 

DRAFT 


L.  J.   WING  MFG.   CO. 

90  West  St.  NEW  YORK 

Wing's  Turbine  Blower  system  of   Mechanical    Draft    is   the   modern 

method  of  burning-  cheap  fuel  and  increasing  boiler  capacity.     Draft  always 

the  same;  uniform  steam  pressure;  requires  no  floor  space;  easily  installed. 


FOUNDRY   EQUIPMENT 


RIVETERS 

SAND  SIFTERS 

MOLDING 

MACHINES 


FOUNDRY 

PLANT 

EQUIPMENT 


HANNA  ENGINEERING  WORKS 

2065  Elston  Ave.,  CHICAGO,  ILL. 

Manufacturers  of  Hanna  Pneumatic  Yoke  Riveters,  Plain  Toggle  Riveters,  Hydro- 
Pneumatic  Riveters,  Pneumatic  Punches,  Screen  Shakers,  Revolving  Dumping  Riddles, 
Radial  Reamers.  Mold  Dryers,  Titus  Stoping  Drills,  Rathbone  Multiple  Molding 
Machines,  etc. 


WHITING  FOUNDRY  EQUIPMENT  CO 

HARVEY,  ILL. 
Have  complete  equipment  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  Foundry  Plants.     Buildings  designed  and  furnished;  equip- 
ment installed  and  operated. 


POWER  TRANSMISSION 


POWER  TRANSMISSION 


THE   AMERICAN   PULLEY   CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  an\  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light, 
true  and  amply  strong  for  double  belts.    120  stocks  carried  in  the  United  States. 


PULLEYS 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126"  diameter,  3  to  40"  ftice,  and  fit  any  size  shaft  from  1 
to  Sy.     Let  us  send  you  our  booklet  illustrating  all  styles. 


PULLEYS 


THE  CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 
The  Johnson  Friction  Clutch  for  feed  and  speed  changes  on  Machine 
Tools  is  the  most  compact  Clutch  on  the  market  for  the  power  it  will  trans- 
mit.    Our  catalog  "G"  should  be  on  every  machine  tool  designer's  desk. 


FRICTION 
CLUTCH 


DIAMOND  CHAIN  &  MANUFACTURING  CO. 

259  West  Georgia  St.  INDIANAPOLIS,  IND. 

Diamond  Chains  are  more  durable  than  the  best  belts.  If  your 
short  transmissions  are  giving  trouble,  our  engineering  department  will  ad- 
vise you  free  of  charge. 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Everything   for  the  Mechanical   Transmission  of  Power.       Plans  and 
estimates  furnished  on  complete  mill  and  factory  equipments. 


CHAIN 
DRIVE 


Power 
transmission 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 

Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope  or  gear  driving,  including  the  well  known  Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


POWER 
TRANSMISSION 


NATIONAL  BRAKE  k  CLUTCH  COMPANY 


16  State  Street, 


BOSTON,  MASS. 


We  license  others  to  manufacture,  use  or  sell  Cork  Insert  Pulleys.  Clutches  and 
Brakes.  They  increase  efficiency  50  to  100%,  and  are  used  in  automobile,  shafting  and 
machinery  clutches  and  in  motor,  shafting  and  machinery  pulleys.  Send  for  pam- 
phlets showins:  fifty  applications. 
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CORK   INSERT 

FRICTION 
SURFACES 


HOISTING  AND  CONVEYING  MACHINERY 


Pulleys — Paper 

Friction 
Transmission 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  refiardino-  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


HOISTING  AND  CONVEYING   MACHINERY 


CRANES 

STEAM 
HAMMERS 
PUNCHES 

AND 
SHEARS 


CONVEYORS 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


THE  ALVEY-FERGUSON  CO. 

5-7  Hudson  Terminal  Bldg.,  NEW  YORK       Main  office  and  factory,  LOUISVILLE,  KY. 

Manufacturers  of  A-F  Gravity  Conveyors,  A-F  Power  Conveyors,  A-F 
Belt  Conveyors,  etc.  Conveyors  of  every  description  to  suit  all  require- 
ments. 


HOISTS 
CRANES 


ALFRED  BOX  k  COMPANY 

PHILADELPHIA,    PA. 
Builders  of  Box's  Double  Screw   Chain  Hoists,  Trolley    Hoists   and 
Electric  Hoists;  Jib  and  Traveling-  Cranes,  Electric  or  Hand  Power,  up  to 
100  tons  capacity. 


WIRE    ROPE 

Aerial  Wire  Rope 
TRAMWAYS 


BRODERICK  &  BASCOM  ROPE  CO. 

805-809  N.   Main  St.  St.   Louis,  Mo. 

Makers  of  Aerial  Wire  Rope  Tramwajs,  having  patent  devices  at  both 
loading  and  discharging  stations  which  permit  the  buckets  to  be  loaded, 
dumped  and  returned  automatically. 


CONVEYORS 
ELEVATORS 

POWER 
TRANSMISSION 


CRANES 


H.   W.   CALDAVELL  .^  SON  CO. 

17th  Street  and  Western  A^e.  CHICAGO,  ILL. 

Conveyors :  helicold  screw,  link  belt,  wire  cable,  troughed  belt,  platform. 

Elevators:  link   belt,  flat  belt  and  bucket,  package,  steel  elevator  casings. 

Power  Transmission :  shafting  and  fittings,  gears,  pulleys  and  band  wheels. 


THE  CLEVELAND  CRANE  &  ENGINEERING  CO. 
WICKLIFFE,  OHIO 
Designers   and   manufacturers   of  all   kinds    of  Cranes. 
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HOISTING  AND  CONVtYING   MACHINERY 


THE  J.  M.  DODGE  COMPANY 

NICETOWN,  PHILA.,  PA. 

Contracting-Engineers.  "The  Dodge  System"  of  coal  storage.  Bridge  Tramways, 
Telphers,  Locomotive  Cranes,  Revolving  Cranes,  I^ocomotive-Coaling  Stations,  Hoisting 
Towers,  Dirc<;t  Unloaders,  C  ir  Dumpers,  Steel  and  Concrete  Structures. 


COAL 

STORAGE 

CONVEYING 

MACHINERY 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 
Manufacturers  of  Electric  and  Belt  Power  Passenjjer  and  Freight  Ele- 
vators,   Hoisting   Machines,  Friction  Winding  Drums,  Friction   Clutches 
and  Friction  Clutch  Pulleys. 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery ;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers.  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


A.   LESCHEN  &  SONS  ROPE  CO. 

ST.  LOUIS,  MO. 
New  York  Chicago  Denver  Seattle 

Producing  Wire  Rope  of  qualities  and  constructions  adapted  to  every  condition 
of  wire  rope  serTice,  including  the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  Constructions.  Systems  of  Aerial  Wire  Rope  Tramways  for  the 
economical  transportation  of  any  mnterial. 


WIRE  ROPE 

AerialWire  Rope 

TRAMWAYS 


LIDGERWOOD  MFG.   CO. 

96  Liberty  St.  NEW  YORK 

Hoisting  Engines — steam  and  electric,   for  every  use  of  the  contractor,  miner, 

warehouseman,  railroads,  ship  owners,  etc.   Derricks,  Derrick  Irons  and  Derrick  Hoists, 

Cableways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  car^o  handling. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFER 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators   and   Conveyors  for  every  purpose;    all  accessories;    Power 
Transmission  Machinery. 


ELEVATORS 

AND 
CONVEYORS 


LINK  CHAIN  BELT  CO. 


52  Dey  St. 


NEW  YORK 


Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery;  Ele- 
vator and  Belt  Conveyor  Appliances;  Mill  and  Milling  Suijplies  and  Elevator  Buckets; 
Standard  Spiral  Conveyors;  Silent  Chain  Drives  and  all  Standard  Chain  Belts.  Makers 
of  the  Clouser  Detachable  High  Speed  Link  Chain  Belt. 


ELEVATING 
CONVEYING 

POWER 

TRANSMITTING 

MACHINERY 


MEAD-MORRISON  MANUFACTURING  COMPANY 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants,  Cable  Railways,  Marine  Elevators.  McCaslin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists.  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Derricks,  Suspension  Cableways. 


ELEVATING 

AND 
CONVEYING 
MACHINERY 
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HOISTING  AND  CONVEYING   MACHINERY 


CRANES 


THE   MORGAN   ENGINEERING    CO. 

ALLIANCE,  OHIO 
Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.    We 
also   design  and  build  Steel  Plants  complete.  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  RoUing  Mill  and  Special  Machinery. 


CRANES 
HOISTS 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 

We  make  Cranes  of  all  types  up  to  150  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service. 


ELEVATORS 


THE   OHIO   ELEVATOR  &   MACHINE  CO. 

COLUMBUS,  O. 
High  class  Elevators  for  every  service.     Electric,  Hydraulic,  Belt  and 
Hand  Power,  and  Freight  Elevators.     Estimates   and  preliminary  plans 
furnished  on  request. 


BELT 
CONVEYORS 

CONVEYOR 
BELTS 

BALATA 
BELTING 


ROBINS  NEW  CONVEYOR  COMPANY 


NEW  YORK,  72  Front  St. 
Thos.  Robins,  President 


CHICAGO,  Old  Colony  Building 
C.  Kemble  Baldwin,  Chief  Engineer 


Belt  Conveyors,  Robins    genuine    Balata  Belting,   Robins    Laminatetl  Leiither 
Belting,  Robins  New  Conveyor  Belts  of  Rubber  and  Balata. 


WIRE   ROPE 


JOHN  A.  ROEBLINGS  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel   and    Copper  Wire    Rope,  and   Wire  of 
every  description. 


CRANES 
CONTROLLERS 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.      Rail- 
road Wrecking  Cranes.     Electric  Motor  Controllers. 


ELEVATING 

CONVEYING 

POWER 

TRANSMITTING 

MACHINERY 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


WEBSTER  MFG.   CO. 


2410-2432  W.  15th  St.,  CHICAGO,  ILL.  Easter;.  Branch:  88-90  Reade  St..  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing  give  us  large  advantiiges.  Belt  Conveyors  for  handling  cement,  ores, 
sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings. 
Chain  Belting.    Gearing. 


THE   YALE   &   TOWNE   MFG.    CO. 

9  MuRR.xY  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.  The  Triplex  Block 

is  made  in  14  sizes,  with  a  lifting  capacity  of  from  i  to  20  tons;   Electric 
Hoist  in  10  sizes,  i  to  Ifi  tons. 
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AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  dcsijrnod  for  cfticient  and  reliable  service,  vv^hich,  combined  witli 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
exjjenses.     Literature  upon  rcuncst. 


PUMPING 
MACHINERY 


ATLANTIC  HYDRAULIC  MACHINERY  CO., 
PHILADELPHIA,  PA. 


Inc. 


Our  Turbine  Pumps  are  light,  couiparatively  low  priced,  constructed 
according  to  the  latest  designs,  highly  efficient.  We  guarantee  to  each 
customer  to  fill  his  individual  requirements  exactly. 


TURBINE 
PUMPS 


THE  GEO.  F. 

115  Broadway,  NEW  YORK 


BLAKE  MFG.  CO. 

Works:  EAST  CAMBRIDGE,  MASS. 


Marine   Pumps,    Feed   Water    Heaters,    Steam  and    Power   Pumping 
Machinery  for  general  service. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.   I. 

Venturi  Meters  measure  cold  water,  hot  water,  brine  and  chemicals.  They  are 
used  on  gravity  supplies  and  to  check  performance  of  centrifugal  and  reciprocating 
pumps.  Usual  sizes  from  i'  to  60".  Larger  sizes  in  use.  Full  set  of  bulletins  on 
request. 


MARINE    PUMPS 

POWER   PUMPS 

FEED    WATER 
HEATERS 


VENTURI 
METERS 


M. 

T. 

DAVIDSON 

CO. 

43-.>.'i 

Keai 

•  St.,  BROOKLYN, 

N.  Y. 

New  York: 

154 

Nassa 

V  St. 

Boston  : 

30 

Oliver 

St.  ' 

High  grade 
densers. 

economical 

Pumps  for  all  services.     Surface  and  Jet  Con- 

THE  DEANE  STEAM  PUMP  CO. 

115  Broadway,  NEW  YORK  Works:  HOLYOKE,  MASS. 

Power  Pumping  Machinery,  General  Service  Steam  Pumps. 


PUMPS 
CONDENSERS 


POWER  PUMPS 
STEAM  PUMPS 
CONDENSERS 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  muni- 
cipal water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed 
pumps,  chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and 
hand  pumps  of  every  kind. 


PUMPS 
HYDRAULIC 
MACHINERY 


4.S 
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MINING 
PUMPS 


WATER 
WHEELS 


GOYNE  STEAM  PUMP  CO. 

ASHLAND,  PA. 

Manufacturers  of  Mining  Pumps  for  any  service  or  capacity.  Most  Engineers 
know  that  the  life  of  the  superior  mining  pump  is  from  two  to  four  times  that  of  the 
ordinary  on  the  same  service.  Why  then  let  a  difference  of  from  ?5  to  even  50?5  in  first 
cost  determine  your  selection? 


HOLYOKE  ISTACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


PUMPING 
MACHINERY 


THE  JEANESVILLE  IRON  WORKS  CO. 

HAZELTON,  PA. 

Builders  of  High-grade  Pumping  Machinery  Direct-acting,  Fly-wheel, 
and  Centrifugal  for  elevator,  mine  and  waterworks  service. 


MINE   PUMPS 

FIRE  PUMPS 

POWER  PUMPS 


KNOWLES  STEAM  PUMP  WORKS 

11,5  Broadway,  NEW  YORK         Works:  EAST  CAMBRIDGE,  MASS. 

Mine  Pumping  Machinery,  Vacuum  Pumps,  Underwriter  Fire  Pumps 
and  Power  Pumps. 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 

BOILERS 


MACHINISTS 

PUMP 

MANUFACTURERS 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Boilers. 


WILLIAM 

548-50  West  23d  St. 


E.   QUIMBY, 


INC. 

NEW  YORK 

Have  a  shop  on  23d  Street,  New  York,  equipped  with  large  and  accurate 
tools  and  do  a  general  machine  business.  Also  manufacture  the  Quimby 
Screw  Pump  and  Quimby  Electric  Sump  Pump. 


TURBINES 


RISDON-ALCOTT  Tl  RIUNE 

MT.  HOLLY,  N.  J. 


CO. 


Manufacturers  of  Risdon  Cylinder  Gate  Turbine,  Risdon  Register  Gate 
Turbine,  Alcott  High  Duty  Turbine,  Leviathan  Hinged  Gate  Turbine. 
Successors  to  T.  H.  Risdon  &  Co.,  and  T.  C.  Alcott  &  Son. 


TURBINE 
WATER 
WHEELS 


S.  MORGAN  SMITH  CO. 

YORK,  PA. 
Manufacturers  of  Turbine  Water  Wheels,  Cylinder  and  Wicket  Gate, 
suitable  for  operating  all  kinds  of  machinery.     We  design   and  build  Tur- 
bines to  meet  specific  requirements. 
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THE  SNOW  STEAM  PUMP  WORKS 

115  Broadway,  NEW  YORK  Works:  BUFFALO,  N.  Y. 

Water  Works  Pumping  Engines,  Oil  Line  Pressure  Pumps,  Gas  Engines. 


HENRY  R. 

115  Broadway,  NEW  YORK 


WORTHINGTON 

Works:  HARRLSON,  N.  J. 


Steam  Pumping  Machinery  for  every  service.     Jet,  Surface  and  Bar- 
ometric Condensers.     Water  Meters  and  Water  Works  Pumping  Engines. 


PAPERS  FROM  TRANSACTIONS  OF  A.  S.  M.   E. 

No.  24.'$.  Testinjr  of  Water  Wheels:  R.  H.  Thurston,  price  $.50;  No.  483.  A  Problem 
in  Water  Power:  John  Richards,  price  1.10;  No.  104i.  Potential  Efficiency  of  Prime 
Movers:  C.  V.  Kern,  price  $.30:  No.  lo.j".  Computation  of  Value.s  of  Water  Powers:  C. 
T.  Main,  price  $.'iO;  No.  1107.  Efficiency  Tests  of  Turbine  Water  Wheels:  W.  O.  Webber, 
price  $.30. 


PUMPING 
ENGINES 

PRESSURE 
PUMPS 

GAS 
ENGINES 


PUMPS 

CONDENSERS 

WATER 

METERS 
WATER  WORKS 

PUMPING 

ENGINES 


PAPERS 

ON 
WATER 
WHEELS 


ELECTRICAL  APPARATUS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  P^lectric  Company  has  ecjuipped  machines  of  all  kinds  with 
its  motors.      For  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 


ELECTRIC 
DRIVE 


RELIANCE  ELECTRIC  &  ENGINEERING  CO 
CLEVELAND,  OHIO 

Our  specialty  is  Machine  .Shop  Drives.  We  \vill  design  all  parts  for  the  conver- 
sion of  your  belt  driven  machines  into  motor  drive.  Manufacturers  of  the  Lincoln 
Variable  Speed  Motor.     Also  a  complete  line  of  D.C.  and  A.C.  Constant  Speed  Motors. 


ELECTRIC 
MOTORS 


WAGNER  ELECTRIC  MFG. 

ST.  LOUIS,  MO. 


COMPANY 


Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power 
and  Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  poly- 
phase generators  and  motors  the  market  affords  Manufacturers  of  the  most  compre- 
hensive line  of  switchboard  anil  portable  instruments  otfered  to-day. 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  472.  Electric  Power  Distribution:  H.  C.  Spaulding,  price  $.20;  No.  485.  The 
Electric  Railway  as  applied  to  Steam  Roads:  B.  J.  Dashiell,  Jr.,  price  $.10;  No.  845. 
The  Mechanical  Equipment  of  the  New  South  Station:  W.  C.  Kerr,  price  $L00;  No. 
1043.    Middlesl)orough  Dock  Electric  and  Hydraulic  Power  Plant:  V.  L.  Raven,  price  $.30. 
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DYNAMOS 
MOTORS 

Transform  ers 
Instruments 


PAPERS 

ON 

ELECTRICAL 

APPARATUS 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR   COMPRESSORS  AND  PNEUMATIC  TOOLS 


Air 
Compressors 


THE   BLATSDELL   MACHINERY   CO. 

BRADFORD,  PA. 
NEW  YORK  BOSTON  CHICAGO 

Blaisdell  Air  Compressors  are  manufactured  in  all  sizes  for  all  purposes. 


AIR 
COMPRESSORS 


THOS.   H.  DALLETT  CO. 

YoiiK  AND  23rd  St.  PHILADELPHIA,  PA. 

Our  Compressors  are  exceptionally  massive  and  rigid  in  design;  have  liberal 
bearing  surfaces:  all  M'orking  parts  are  readily  accessible;  have  special  intake  and  dis- 
charge valves.  Are  particularly  adapted  for  high  class  installations.  Capacities  from 
80  cu.  ft.  per  minute  up  to  1200  cu.  ft.     Write  for  catalogue. 


Air 
Compressors 

ELEVATOR 
PUMPS 

PUMPING 
ENGINES 


THE  LAIDLAW-DUNN-GORDON  CO. 

115  Broadway,  NEW  YORK  Works:  CINCINNATI,  OHIO 

Air  Compressors,  Elevator  Pumps,  Cross  Compound  Pumping  Engines. 


ENGINEERING   MISCELLANY 


UNIVERSAL 

CAST  IRON 

PIPE 


BALL 
BEARINGS 


CENTRAL  FOUNDRY  COMPANY 

37  Wall  St.  NEW  YORK 

Universal  Cast  Iron  Pipe  is  permanently  unequaled  for  gas,  water,  air 
I  or  steam  lines.      See  descriptive  advertisement  on  page  No.  23. 

I - - 


CHAPMAN    BALL   BEARING   CO. 

40  Bristol  St.  BOSTON,  MASS. 

Chapman  Double  Ball  Bearings  eliminate  line  shaft  friction  and  there- 
fore save  power.  May  be  applied  to  special  machines  of  all  descriptions  as 
well.     Lubrication  reduc-ed  to  a  minimum.     Send  for  catalog. 


ELECTRIC 
LIFTING 
MAGNETS 


ELECTRIC    CONTROLLER   c^    MFG.    CO. 

CLEVELAND,  OHIO 
Electric  Lifting  Magnets,  Electric  Motor  Starters,  Controllers,  Brakes, 
Flexible  Couplings,  Solenoids,  Electric  Arc  Welders. 
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